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ABSTRACT 
Studying dopamine-dependent functions such as memory and creativity 
can help us understand and improve quality of life in populations at risk for 
dopaminergic network dysfunction.  I examined memory and creativity in a series 
of studies in different at-risk populations.  The first study investigated marijuana 
initiation and learning in 119 inner-city youth, some with prenatal substance 
exposures, including to cocaine.  I hypothesized that earlier-onset marijuana use 
would predict poorer developmental learning trajectories, and non-use the most 
positive.  Results suggested that initiation’s effects on learning may reflect 
psychosocial factors rather than prenatal substance exposure status or time of 
marijuana initiation.  The potential importance of the dopamine-related 
personality factor “openness to experience” motivated additional studies.  One 
hypothesized and found different neurocognitive outcomes in young-adult 
substance users (n=41) based on maladaptive or adaptive substance use 
motives.  The other studies examined Parkinson’s disease (PD), a disorder 
characterized by the degeneration of brain dopaminergic networks.  Participants 
were individuals with PD without dementia (33-42 “PDs”/study), age-matched 
	
	 vii 
normal control adults (26-28 “NCs”/study), and younger control adults (37-41 
“YCs”/study).  The first PD study examined neuropsychological and personality 
correlates of learning and memory.  I hypothesized that in each group, openness 
would explain a significant amount of the variance in learning, and higher 
openness would be associated with better learning and memory, particularly in 
PDs.  Results supported this hypothesis in PDs only.  The second PD study 
examined creativity—specifically, divergent thinking, which correlates with 
openness and shares dopaminergic neural substrates.  Based on research 
demonstrating that brief walking improves divergent thinking in young adults, and 
that exercise changes dopamine transmission, I hypothesized that brief walking 
would improve divergent thinking in PDs, NCs, and YCs.  In PDs, I expected 
higher disease severity (more compromised dopamine function) to correlate with 
less improvement after walking.  None of the hypotheses were supported, 
potentially due to the low intensity of the intervention, but openness appeared 
protective of creativity in YCs and PDs.  Taken together, the results of the studies 
demonstrate the importance of psychosocial factors in dopamine-dependent 
cognition.  In at-risk populations, openness’s benefits may surpass effects of 
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Individuals with certain psychoactive substance exposures and individuals 
with Parkinson’s disease without dementia (PD) experience dopamine network 
changes, and they may experience changes in two dopamine-dependent 
functions, learning, memory, and creativity, even in the absence of a major 
neurocognitive disorder.  These populations offer the opportunity to examine the 
conditions under which these network changes may be associated with major 
changes in learning and creativity, and under what conditions these changes are 
subtle, due to psychosocial factors, able to be prevented, or able to be 
ameliorated.  This introduction discusses research findings that describe 
dopamine-related biological and psychosocial associations (particularly, 
personality) in these at-risk populations.  Studies 1, 2, 3, and 4 further discuss 
literature on biological associations, psychosocial associations, and their 
interaction.  The studies also examine hypotheses concerning when the 
psychosocial associations, or their interaction with the biological associations, 
rival biological associations in terms of impact.  The general summary uses these 
and other research findings to discuss prevention and amelioration of the impact 






Network Changes and Their Impact 
Overall Theoretical Basis 
Based on the dedifferentiation theory of aging, changes in brain dopamine 
signaling may result in dedifferentiated memory traces (less specific cortical 
reactivation) that impact memory performance (Abdulrahman et al., 2017).  
Abdulrahman and colleagues found that less-specific episodic cortical 
reactivation in both the prefrontal cortex (executive network hub) and the 
hippocampus (default mode network hub) was associated with worse recollection 
of nouns studied under a semantic or phonological judgment paradigm; 
surprisingly, double-blind, placebo-controlled experimental dopaminergic 
modulation benefited hippocampal but not prefrontal memory specificity and 
recollection performance in older adults (Abdulrahman et al., 2017).  
Hypothetically, abnormalities in dopamine signaling across the life span may 
impact both learning and memory and production of specific, creative ideas 
through reduced specificity of explicit memory traces.  Similarly, even though 
dopamine signaling loss is associated with worse executive function declines 
related to aging (based on Wisconsin Card Sort Task performance and Stroop 
Interference score), the association between dopamine signaling and executive 
function persists across different adult age groups (Volkow et al., 1998).  
Therefore, both default mode and executive contributions to cognitive tasks may 
be impacted across different age groups and clinical presentations in populations 




particularly factors associated with dopamine such as the personality factor 
“openness to experience,” may be important to examine in these populations. 
Prenatal Substance Exposures and Youths’ Own Use 
Prenatal substance exposures, particularly exposures to cocaine, are 
associated with reward network abnormalities in dopamine-rich regions of the 
brain in neonates (Salzwedel et al., 2015).  Neonates with alcohol exposure 
show less-distributed hub formation in the developing default mode network 
(Roos et al., 2020).  Youths’ own use of marijuana also leads to dopamine 
network changes (Lisdahl et al., 2014).  Study 1’s introduction describes both the 
association of adolescent marijuana use with near-term memory and executive 
network abnormalities (Dahlgren et al., 2016; Gruber et al., 2012; Lisdahl et al., 
2014; M. J. Smith et al., 2014, 2015; van de Giessen et al., 2017) and the long-
term impact of their use on executive networks in adulthood (Lisdahl et al., 2014).  
Moderate-to-high drinking may impede development of connectivity between the 
default mode network and emotion-related networks in adolescents (Müller-
Oehring et al., 2018).  Additionally, heavy drinking is associated with decline in 
gray matter hippocampal/parahippocampal volumes in college students (Meda et 
al., 2018) and with smaller cortical thickness in several regions, especially frontal 




Parkinson’s Disease and Other Aging Populations 
Across different neurological disorders, individuals’ learning difficulties are 
commonly attributed to medial temporal lobe/posterior hippocampus network 
pathology and dysfunction in memory storage, or executive control network 
pathology and dysfunction in encoding and retrieval.  The latter was long 
speculated to be more prominent in learning difficulties in PD (Patenaude & 
Baillargeon, 1996) than the former.  However, posterior atrophy and memory 
network dysfunction are now established as the larger contributors to learning 
difficulties (Bruck, 2004; Nombela et al., 2014; Pirogovsky-Turk et al., 2015; 
Tanner et al., 2015; Zheng et al., 2014) in PD without dementia or mild cognitive 
impairment, even in early stages of the disease (in one study, average disease 
duration was two years; in another, the median was eight months from diagnosis 
to participation).  [Conversely, memory network dysfunction has long been 
associated with learning deficits in Alzheimer’s disease, the most common cause 
of dementia (Fjell et al., 2014; La Joie et al., 2014), but executive control network 
pathology is another early change that is increasingly recognized (Belleville et al., 
2007)].  Even though memory structures contribute more than executive 
structures do to verbal memory in PD, inter-network cooperation is important.  In 
individuals with PD, the salience network is less able to switch between the 
default mode network and executive control network than in healthy, age-
matched controls, which may explain their relatively poor verbal memory 




psychosocial associations with memory and creativity based on PD status and 
based on age. 
Older adults with mild cognitive impairment (MCI) show lower functional 
connectivity between dorsolateral prefrontal cortex (DLPFC) and other regions of 
the executive control network, and this lower connectivity correlates with poorer 
word list learning, even after controlling for regional gray matter atrophy (Liang et 
al., 2011).  Poorer executive function is associated with less dopamine activity in 
prefrontal networks, which is thought to decline with age based on cross-
sectional findings; lower dopamine activity is a key mechanism, since the 
association between dopamine activity and executive function remains significant 
after controlling for age (Volkow et al., 1998).  Similarly, lower functional 
connectivity within the default mode network occurs in individuals with MCI 
compared to age-matched control adults, and this lower connectivity correlates 
with poorer word list learning performance (Yan et al., 2013).  Indeed, one study 
confirmed the independent contributions of the striatal/executive and default 
mode networks in longitudinal word-list performance change over three years in 
healthy adults.  Performance improvement correlated with longitudinal 
hippocampal-cortical functional connectivity decrease in adults age 23-52 (more 
so at 5-minute and 30-minute delays).  In adults age 63-86, by contrast, 
performance improvement correlated with connectivity increases: hippocampal-
cortical (more so at 5-minute and 30-minute delays) and striatal-cortical (more so 




Personality as an Important Psychosocial Factor 
A prominent influence in these brain-behavior relations may be the 
personality factor “openness to experience” (or, “openness”).  Tendencies toward 
inquisitiveness and exploration might be related to the function of dopaminergic 
networks in approaching environments and processing novelty, including 
unanticipated reward/salience or unanticipated predictors thereof.  Openness 
correlates with performance on working memory and executive function tasks 
reliant on the DLPFC in healthy adults, including adults endorsing a history of 
substance use (Daly, 2013; DeYoung et al., 2005, 2009; Passamonti et al., 
2015).  Indeed, variation in openness is associated with variation in the 
dopamine D4 receptor gene (DRD4) and the catechol-O-methyltransferase 
(COMT) gene, both key components of the prefrontal dopaminergic system 
(DeYoung et al., 2011), as well as the DRD2 receptor gene (Peciña et al., 2013).  
Both openness and creativity/divergent thinking, also related to dopamine 
function (Boot et al., 2017), are higher in substance users (Daly, 2013; 
Gocłowska et al., 2019; Jones et al., 2009; Koski-Jännes, 1985; Lin & Lien, 2013; 
Weckowicz et al., 1977). Openness’s relations with neurocognitive function might 
counteract the disruption to memory/default mode and executive networks 
associated with substance use (Lisdahl et al., 2014; Meda et al., 2018; V. L. 
Morris et al., 2019), as Study 2 examines in young adults.  Other 
neurotransmitter systems, especially the noradrenergic system, may also be 




openness, memory, and aging (Sakaki et al., 2018) and PD (Paredes-Rodriguez 
et al., 2020), This dissertation focuses on dopamine because it is relatively well-
characterized as a factor, and because noradrenaline’s influence includes 
protecting dopamine in certain brain regions and promoting release of 
hippocampal dopamine (Paredes-Rodriguez et al., 2020; Tong et al., 2006) that 
is important in memory specificity (Abdulrahman et al., 2017). 
In healthy adults, openness is associated with stronger integrity of white-
matter tracts comprising most cortical-subcortical pathways, including white 
matter adjacent to the DLPFC in both hemispheres (Xu & Potenza, 2012).  
Further, individual differences in healthy adults (differences that are unrelated to 
neurodegeneration) appear to be responsible for associations between brain 
structure and personality factors, including negative correlations between 
openness and cortical thickness in several areas (Kapogiannis et al., 2013; 
Vartanian et al., 2018).  In one resting state and in two task-based experiments, 
openness in healthy adults was respectively associated with higher functional 
connectivity, and with higher functional connectivity increase, in mesocortical 
pathways between the right substantia nigra/ventral tegmental area and the 
ipsilateral DLPFC (Passamonti et al., 2015). Abundant structural and functional 
connectivity has recently been confirmed between the substantia nigra/ventral 
tegmental area and DLPFC, indicating the regions’ importance to each other 
(Cacciola et al., 2016; Zhang et al., 2017).  Presumably, PD pathology in these 




better-characterized disruption in connectivity of pathways mediated by the 
striatum (Dukart et al., 2017).  For older adults in general, correlates of openness 
overlap with executive control and salience networks, at least in one study: 
resting state activity in DLPFC in women (but not men), anterior cingulate cortex 
in men (but not women), and orbitofrontal activity in both men and women (Sutin 
et al., 2009).   
Openness is also associated with the default mode network, which 
includes memory structures and is implicated in internally-focused functions such 
as mind wandering, episodic memory, theory of mind, and mental simulation 
(Andrews-Hanna et al., 2010).  Openness predicts default mode network 
efficiency, even after controlling for intelligence, age, gender, and other 
personality variables (Beaty, Kaufman, et al., 2016).  Study 3 notes that 
individuals higher in the personality trait “openness to experience” experience 
more time in default mode network and cognitive control network co-activation 
(Beaty et al., 2018) and explores its protection of memory in PD and in healthy 
controls.  Similar co-activation may be even stronger in older adults (mean age 
70) than in younger adults (mean age 25), based on a study of divergent 
thinking, which predicts openness and shares similar neural network substrates 
(Adnan et al., 2019).   
In healthy older adults, associations between openness and learning and 
memory are well-established: openness’s effects are comparable in magnitude or 




with better subjective (self-rated) memory (Luchetti et al., 2016).  Additionally, 
these associations appear not to be due to early or premorbid manifestations of 
dementia but to openness serving as a protective factor for cognitive function, 
based on prospective, longitudinal study findings (Terracciano & Sutin, 2019).  
Exploring openness and related constructs such as divergent thinking may be 
helpful in understanding cognitive protection in at-risk populations. 
 
Study 1 
I examined learning in an inner-city, African-American cohort that included 
individuals with prenatal (intrauterine) substance exposures and individuals who 
used marijuana (cannabis) earlier, later, or not at all in their development.  As 
noted above, both prenatal exposures and adolescent use of marijuana may 
have a biological impact on the brain because they correlate with structural and 
functional neural network changes.  My hypothesis was a dose-response 
relation, such that earlier marijuana initiation (at a more sensitive time in 
development) would lead to the worse learning trajectories across development, 
and no initiation would lead to the best trajectories.  
Aims of Study 1 
Aim 1: Examine longitudinal trajectories of learning performance (mean 
age-adjusted scaled scores on the Wide Range Assessment of Memory and 
Learning (WRAML/WRAML2) between childhood, adolescence, and young 




performance trajectories after controlling for prenatal exposures and pre-use 
cognitive function. 
Aim 2: Examine whether these potentially different performance 
trajectories fit a neurotoxic initiation/dose response pattern, or whether they 
suggest the influence of other factors, such as psychosocial confounds. 
 
Study 2 
In the second study, I re-examined the question of Study 1 regarding the 
relation between initiation or dosage of substance use and neurocognitive 
performance in young adults.  Motivated by findings in Study 1 that there may not 
always be consistently negative associations between substance use and 
cognitive function (suggesting that psychosocial factors may mediate or 
moderate associations), I examined the impact of alcohol use motives and 
marijuana use motives on learning and divergent thinking.  Motives such as 
stress relief are associated with heavier use and higher risk of substance use 
disorders, but in the absence of maladaptive motives, some individuals appear to 
use substances without negative consequences (Hyman & Sinha, 2009; Sinha, 
2008).  Perhaps substance use due to maladaptive motives negatively impacts 
cognitive function, and substance use due to potentially adaptive motives does 
not.  These potentially different associations may be explained by substance use 
initiation timing, current dosage, anxiety, or depression.  They may also relate to 




function in populations at risk for dopamine network dysfunction.  Examining 
these effects may help determine not only the conditions under which substance 
use is directly harmful to cognitive function but also the circumstances under 
which psychosocial variables are important to consider and potentially more 
impactful than substance use. 
Aims of Study 2 
Aim 1: Examine whether self-reported initiation timing or current amount of 
alcohol or marijuana consumption consistently predict differences in 
neurocognitive function (learning and divergent thinking). 
Aim 2: Examine whether different motives for use lead to differing 
associations with neurocognitive function and openness, and whether any 
potential differences can be explained by depression, anxiety, or premorbid IQ. 
 
Study 3 
As noted above, burgeoning research suggests that personality, especially 
openness, is a powerful predictor of both current and longitudinal learning and 
memory in aging populations.  Participants in the study included individuals with 
PD, as well as younger-adults (university students) and older-adults from the 
community, and I examined if this pattern is present in all groups.  I also 




Aims of Study 3 
Aim 1: Establish if openness is predictive of learning and memory in 
younger adults, older adults, and individuals with PD after controlling for 
estimated premorbid IQ. 
Aim 2: Examine whether openness’s predictive power of learning and 
memory is stronger in PD relative to the other groups. 
Aim 3: Examine other psychological variables to determine if any potential, 
predictive power of openness is better explained by other psychosocial factors, 
particularly depression, anxiety, and apathy. 
Aim 4: Examine learning and memory’s and openness’s relations with 
other cognitive variables in PD to determine the extent of executive network 
involvement in openness’s predictive power, and to compare openness’s 
predictive power to subjective cognitive complaints. 
Aim 5: Examine openness’s relations with PD disease characteristics. 
 
Study 4 
In the fourth study, I examined the acute effect of brief walking on 
creativity, specifically, divergent thinking.  Divergent thinking shows strong 
behavioral and neurobiological associations with openness and dopaminergic 
function (Beaty et al., 2018).  Motor activity, particularly, a walking intervention, 
leads to higher divergent thinking in healthy adults, but the mechanisms are not 




suggested that walking may boost letter fluency in PD.  Examining these effects 
in PD may help to elucidate mechanisms related to dopaminergic function and 
openness, as well as reveal a potentially helpful way to improve cognitive 
function. 
Aims of Study 4 
Aim 1: Examine whether there are no significant differences in divergent 
thinking between PDs, NCs, and YCs (prior literature has not found consistent 
results). 
Aim 2: Replicate the divergent thinking boost that a brief walking 
intervention may provide. 
Aim 3: Examine whether this change in divergent thinking is lower in 
individuals with PD, or even negative, due to the cognitive and motoric burden of 
walking in PD. 
Aim 4: Examine divergent thinking, letter fluency, and cognitive 
improvements from walking, and their associations with PD disease 
characteristics that may be related to creativity neurobiology (side of onset, 
levodopa equivalency dose) or may further specify the nature of potential deficits 






For adolescents and young adults, marijuana initiation comes at a 
sensitive time of educational attainment and psychosocial and neurological 
development, including neuronal pruning and white matter increases (Crane et 
al., 2013; Lisdahl et al., 2014).  Some cross-sectional studies of adolescents and 
younger adults do not find detrimental effects of earlier onset of marijuana use on 
learning and memory (Hooper et al., 2014; Tamm et al., 2013); however, several 
do (Jacobus et al., 2015; Schuster et al., 2016; Wagner et al., 2010).  Few 
longitudinal, prospective studies have examined the relationship between 
marijuana use and cognitive impairment while accounting for premorbid cognitive 
function.  Two studies found that adolescent-onset users are more likely to 
experience decreased intellectual ability than are non-users (N. J. Jackson et al., 
2016; Meier et al., 2012).  One study, examining adult outcomes, attributed this 
pattern to neurotoxicity (Meier et al., 2012); the other, examining young-adult 
outcomes in twins, postulated familial psychosocial factors (N. J. Jackson et al., 
2016).  Another study examined both intellectual ability and other 
neuropsychological domains, including learning, and found no impairments in 
young adults following 3-months’ abstinence from marijuana (P. Fried et al., 
2005).  Moreover, prospective analysis of marijuana initiation and learning 
trajectories is lacking in low-income, African-American youth and other 




substance use.  Disproportionate rates of adverse outcomes between African 
American and other racial/ethnic groups have been shown empirically (Brown et 
al., 2004), consistent with the theory of cumulative adversity (Green et al., 2017). 
A number of neurobiological associations are potentially consistent with 
the neurotoxicity hypothesis.  A review of several empirical studies noted that 
adults who initiated marijuana use during adolescence have smaller cortical gray 
matter volumes, larger cortical white matter volumes, decreased prefrontal cortex 
(PFC) thickness and white matter integrity, abnormal PFC and parietal functional 
activation, and smaller striatal dopamine release than adults who initiated during 
adulthood (Lisdahl et al., 2014).  In comparison to non-users, adolescent and 
young-adult marijuana users show several structural and functional abnormalities 
in the hippocampus, PFC, and other brain regions (Lisdahl et al., 2014).  In 
addition, early-onset use and heavy use of marijuana are associated with deficits 
in attention/executive and memory function served by prefrontal, parietal, striatal, 
and hippocampal networks (Dahlgren et al., 2016; Gruber et al., 2012; M. J. 
Smith et al., 2014, 2015; van de Giessen et al., 2017).  On the other hand, these 
neurobiological associations could reflect a pre-existing susceptibility to 
marijuana use (Cheetham et al., 2012; M. J. Smith et al., 2014).    
Additionally, in samples with known intrauterine substance exposures, it is 
possible that long-term developmental mechanisms could play a role in any 
potential relationship between adolescent marijuana use and learning and 




have been associated with increased risk for adolescent substance use (Day et 
al., 2006; Frank et al., 2011), which could mediate a relation between the 
intrauterine exposures and learning and memory in adolescence.  Intrauterine 
exposures have also been associated with some subtle forms of executive 
dysfunction in childhood or adolescence (P. A. Fried & Smith, 2001; Leech et al., 
1999; Rose-Jacobs et al., 2011).   
Other confounding variables may also explain the relationship between 
adolescent initiation of marijuana use and cognitive dysfunction.  Pre-existing 
cognitive vulnerabilities in childhood, particularly executive dysfunction (which 
can result from prefrontal network dysfunction and impact learning and memory), 
may contribute to later adolescent marijuana use (Edalati & Krank, 2016; 
Squeglia et al., 2014).  Familial–cultural deficits (e.g., less parental monitoring, 
poor parent-to-child affect, less emphasis on scholarship) may explain lower 
intellectual ability in marijuana users (N. J. Jackson et al., 2016).  Additionally, 
childhood maltreatment or exposure to violence as a witness or victim may 
explain both substance use and cognitive deficits (Edalati & Krank, 2016; Malarbi 
et al., 2017). 
The present analyses examine learning of structured verbal information 
(stories), unstructured verbal information (word list), structured non-verbal 
information (pictures), and unstructured non-verbal information (abstract 
designs), utilizing subscales from the Wide Range Assessment of Memory and 




longitudinal, prospective study of intrauterine substance exposure in urban, 
predominantly African-American participants, we examined associations of age 
of initiation of marijuana use with learning trajectories from childhood through 
young adulthood, accounting for pre- and post-initiation covariates, including 
intrauterine exposures.  We hypothesized that, in temporal sequence, earlier 
onset users would have the least optimal learning trajectories, and those with no 
history of use the most optimal trajectories.  
 
Method 
Protection of Human Subjects 
 The study was approved at inception and annually thereafter by the 
Institutional Review Board at Boston City Hospital (now Boston Medical Center) 
and the Boston University School of Medicine.  Mothers/caregivers provided 
written informed consent at intake and for each new protocol.  Participants > age 
8 (in this text, “participants” refers to offspring in the study) provided written 
assent at each protocol point, and they provided written informed consent after 
they turned 18.  A federal Certificate of Confidentiality protected all dyads’ data 
from subpoena.  
Recruitment 
As we have previously reported, from 1990-1993, trained interviewers 
recruited postpartum infant-mother dyads at Boston City Hospital for a study 




Dyads were screened 8-72 hours after delivery to include cocaine-using and non-
using mothers aged 18 years or older and fluent in English, and to exclude 
premature delivery (<36 weeks), neonatal intensive care, congenital 
malformations, fetal alcohol syndrome, maternal or infant HIV, and prenatal 
opiate, amphetamine, phencyclidine, barbiturate, or hallucinogen exposures 
(Frank et al., 2014).   
Our initial, postpartum sample of eligible, consenting mothers included 
252 dyads.  Consenting mothers and/or subsequent caregivers, and their eligible 
children, were followed at several protocol points, with the following points 
included in the present analyses: postpartum, and ages 6, 8.5, 9.5, 10.5, 12-14.4, 
14.5-16.4, 16.5-18, 18-20, and 21-24 years old.  We administered measures for 
the present study at a subset of these protocol points (see Measures section). 
Classification of Exposures    
Intrauterine substance exposures for cocaine and marijuana were 
classified based on biological assays (maternal urine, infant urine and 
meconium) and on maternal interviews conducted postpartum to estimate the 
amount of prenatal exposure (heavier, lighter, or none) (Frank et al., 2014).  
Heavier exposures reflected the sample’s top quartile of maternal self-reported 
use or top quartile of metabolites in meconium assays for marijuana and cocaine, 
for which biomarkers were available and affordable at that time.  Postpartum 
interviews were the sole method of ascertaining exposure to tobacco and alcohol 




drinks/day; lighter use reflected report of <0.5 drinks/day.  Heavier tobacco 
exposures reflected report of > 10 cigarettes per day; lighter use reflected report 
of < 10 cigarettes per day. 
Measures 
 Trained research assistants masked to participants’ intrauterine exposure 
status and prior assessment scores conducted each assessment.   
 
Self-report of Marijuana Use Initiation 
Participants reported whether they had ever used marijuana or any other 
recreational drugs (yes/no) at each protocol point starting at age 12-14.4.  We 
used the earliest concurrently or retrospectively self-reported age of initiation in 
determining group membership as never users, later initiators (>16 years-old), or 
earlier initiators of marijuana use.  Ages of initiation for earlier initiators ranged 
from 9-15 years; the median age was 14 years.  Ages of initiation for later 
initiators ranged from 16-20 years; the median was 17 years. We used 16 years 
as the age cutoff because, although some authors use alternative cutoffs (Fontes 
et al., 2011; Pope et al., 2003; Schuster et al., 2016; Wagner et al., 2010), the 
most frequent cutoff we found in the relevant literature for defining later versus 
earlier initiators was 16 years of age (Crane et al., 2013; Gruber et al., 2012, 





Measures of Recent Substance Use 
At each assessment starting at age 12-14.4, to enhance accuracy of self-
report of substance use we used urine assays to test for metabolites of 
marijuana, tobacco and illicit recreational substance use.  No instructions 
regarding abstaining from substances were given to participants prior to each 
assessment.   
During the assessment at age 21-24, using a Timeline Followback 
protocol (Fals-Stewart et al., 2000), participants self-reported the number of days 
of marijuana use in the past month.  Negative self-reports were confirmed or 
disconfirmed by urine assays; 16% of 57 past-month marijuana users denied 
recent use on self-report but were positive by urine assay and were considered 
to have used marijuana.  Participants also reported the number of days of high-
risk drinking in the past week, defined as days when females consumed >4 or 
males consumed >5 alcoholic drinks (U.S. Department of Health and Human 
Services & U.S. Department of Agriculture, 2015).  Marijuana use with 
concomitant, heavy alcohol use is associated with worse neuropsychological 
trajectories than marijuana use alone (Jacobus et al., 2015).  Both measures of 
recent substance use at age 21-24 were collapsed as yes/no variables. 
 
Learning and Memory 
Neuropsychological evaluation including the WRAML/WRAML2 was 




(young adulthood).  We obtained age-appropriate scaled scores for the Story 
Memory, Verbal Learning, Picture Memory, and Design Memory subtests at 
these assessments.   
In Story Memory, the examiner reads two stories to the participant.  
Immediately after each story, the examiner asks the participant to recall as many 
parts of the story as possible and awards points based on the number of 
standard items recalled.   
In Verbal Learning, the examiner reads the participant a list of simple 
words, and the participant immediately attempts free recall of the words.  The 
examiner conducts four total learning trials and awards 1 point for each correctly 
recalled word within each trial.   
In Picture Memory, the examiner shows the participant a drawing 
depicting a scene (a zoo, classroom, garage, or living room) for 10 seconds.  
Then the examiner immediately shows a similar drawing with items in the scene 
changed, moved, or added.  After presentation of the altered scene, the 
participant marks the changes, and the examiner awards 1 point for each 
correctly identified item.  This procedure is followed for each of the four scenes.   
In Design Memory, the examiner presents a card with an array of 
geometric shapes and sequences for 5 seconds, followed by a 10-second delay.  
Then the participant draws the shapes and sequences from memory.  This 
procedure is followed for five total cards.  The examiner awards 1 point for each 







We obtained Wechsler Intelligence Scale for Children, Third Edition 
(WISC-III) (Wechsler, 1991) prorated full-scale IQ at age 8.5 using the 
Information, Vocabulary, and Block Design subtests.  These values were missing 
for a few participants, for whom we used preadolescent WISC-III full-scale IQ (n 
= 2) or early adolescent Wechsler Abbreviated Scales of Intelligence IQ (n = 1) 
(Wechsler, 1999), when these measurements preceded any initiation of 
marijuana use for these individuals. 
 
Self-report of Depression and Anxiety in Young Adulthood 
At age 21–24 years old we evaluated depression symptoms with the Beck 
Depression Inventory-II (Beck et al., 1996), a self-report measure of affective, 
cognitive, and somatic symptoms in the past two weeks, since depression 
symptoms are associated with worse learning performance on 
neuropsychological testing (Hermens et al., 2010).  We also evaluated current 
anxiety symptoms with the Beck Anxiety Inventory (Beck & Steer, 1993), a self-
report measure of anxious feelings and physiological sensations in the past 
week; comorbid anxiety symptoms can also affect learning performance 







Because childhood trauma, even in children without PTSD, is associated 
with deficits in learning and memory (Malarbi et al., 2017), we included the 
Violence Exposure Scale for Children-Revised (VEX-R), a 21-item child self-
report measure assessing lifetime exposure to violent interactions as a victim or 
a witness at home or in community settings (Fox & Leavitt, 1995).  Participants 
completed the measure at each assessment from age 8.5 through age 14.5-16.4.  
Participants were classified as having higher exposure if they were ever in the 
top quartile for total score; other participants were rated as having lower 
exposure (Barthelemy et al., 2016). 
During the young-adult evaluation, participants reported whether they had 
attained any post-secondary education (yes/no).   
Statistical Analysis 
 We analyzed longitudinal trajectories of learning performance (mean age-
adjusted scaled scores) between childhood, adolescence, and young adulthood 
with multivariable linear generalized estimating equation (GEE) models.  We also 
examined bivariate relationships between intrauterine exposures and WRAML 
scores from childhood to adulthood in exploratory analyses to determine whether 
to include intrauterine exposure level in the models.  Based on the low and 
transient number of significant associations between intrauterine exposures and 




section).   
We then used two models to examine mean learning differences and 
trajectories based on marijuana initiation group.  Independent variables for our 
primary GEE model included marijuana initiation group, assessment protocol 
point (childhood, adolescence, young adulthood), and their interaction, along with 
the covariates sex and pre-initiation IQ.  To examine unexpected results found in 
the young adulthood data, we ran a secondary model predicting cross-sectional 
learning differences in young adulthood.  The secondary model included the 
primary model’s predictors, as well as young-adult anxiety symptoms, depressive 
symptoms, and yes/no dichotomous variables: attainment of any formal post-
secondary education, past-month marijuana use, and past-week high-risk 
drinking.  We included these variables in the secondary model to examine both 
significant variables and any variables relevant to cognitive function identified in 
this section. 
Results 
Sample Characteristics and Retention  
Our analytic sample was 119 (62 female), comprising 86% of the 139 
individuals assessed in young adulthood.  Most individuals not included in the 
analytic sample were excluded due to missing visits or measures.  Two 
individuals who reported initiation of marijuana use before the earliest 
assessment in this analysis (age 6-8.5 years) were removed from the analysis, 




significant differences between our analysis sample and the entire young 
adulthood sample in terms of intrauterine exposures (IUCE, alcohol, tobacco, or 
marijuana), maternal ethnicity, maternal education, maternal parity, child’s sex, 
pre-initiation IQ, earlier WRAML scores, or adolescent drug use.   
The analytic sample was also 47% of the initial postpartum recruitment 
sample of 252 dyads (73% of families returned for the 6-month visit, and 59% 
returned for the 6-year visit).  There were no significant differences between our 
analysis sample and the postpartum sample in terms of intrauterine exposures 
(IUCE, alcohol, tobacco, or marijuana), maternal ethnicity, maternal education, 
maternal parity, or child’s sex.  Therefore, attrition did not affect how 
representative the analysis sample was of the recruitment sample in terms of 
these variables.  However, data on pre-initiation IQ, earlier WRAML scores, or 
adolescent drug use are not available for the entire postpartum sample due to 
this pattern of attrition.  
Bivariate Analyses of Intrauterine Substance Exposure Groups  
Intrauterine substance exposure variables were not significantly 
associated with pre-initiation IQ or with most WRAML scores in childhood, 
adolescence, and young adulthood in bivariate analyses (see Tables 2.2-2.7).  
Significant results included an association between heavier IUCE and Picture 
Memory in childhood, and an association between lower but not heavier IUCE 
and Story Memory in young adulthood (the latter result being inconsistent with a 




marginally associated with Picture Memory in childhood.  These results were not 
found at other ages or on other measures, suggesting a lack of consistent 
influence of the exposures on cognitive development from childhood to 
adulthood.   
Marijuana Initiation Groups 
In the primary model, there were no significant differences between earlier 
marijuana initiators, later initiators, and never users in childhood (or pre-initiation) 
IQ, or in childhood WRAML subscale scaled scores (see Table 2.1).  Group 
mean performances were generally in the low-average to average range for all 
WRAML variables at all time points.  There were no significant group differences 
over time on Verbal Learning or Picture Memory scaled score trajectories from 
childhood to young adulthood (Design Memory was not assessed in young 
adulthood).  Initiation groups significantly differed in past-month marijuana use 
but not in self-reported past-week high-risk drinking in young adulthood. 
On Story Memory, scaled score trajectories from childhood to young 
adulthood differed (see Figure 2.1), as later initiators’ slopes were significantly 
more positive, z=2.67, p=.008, β=1.78, 95% CI [0.47, 3.09], than never users’ 
slopes; earlier initiators’ slopes were non-significantly more negative than never 
users’, z=-1.30, p=.20, β=-0.88, 95% CI [-2.22, 0.45].  Exploratory analyses 
showed that key patterns emerged after adolescence.  Earlier initiators 
significantly declined in Story Memory scaled score from adolescence to young 




significantly improved, z=2.22, p=.03, β=1.04, 95% CI [0.12, 1.95].  Never users 
showed no statistically significant change, z=-0.85, p=.40, β=-0.44, 95% CI [-
1.46, 0.58]. See Figure 2.1. 
Additionally, in young adulthood, later initiators attained significantly better 
Story Memory scaled scores than earlier initiators, z=3.84, p<.0001, β=2.13, 95% 
CI [1.04, 3.22], as well as significantly better scores than never users, z=2.84, 
p=.005, β=1.94, 95% CI [0.60, 3.28].  Even after including additional covariates of 
anxiety, depression, post-secondary education, past-month marijuana use, and 
past-week high-risk drinking in the secondary model (see Table 2.2), later 
initiators performed significantly better than earlier initiators, although their 
advantage over never users was no longer statistically significant. 
We performed additional analyses to examine the potential influence of 
outliers, and to adjust for childhood learning performance, maternal ethnicity, 
caregiver education (highest among all caregivers from birth to adolescence), 
and developmental violence exposure in a subsample of 89 participants without 
missing covariate data.  These analyses yielded similar results to those shown 
above. 
Discussion 
Current findings in this cohort of primarily African-American young adults 
followed from birth suggest that premorbid deficits may not solely explain 
differences in cognitive functioning observed in adolescent marijuana users, 




did not significantly differ between marijuana initiation groups.  Also of note, 
marijuana initiation groups did not significantly differ on most learning and 
memory measures and at most time points.  In our other primary aim, we found 
that marijuana initiation group trajectories did not significantly differ on measures 
of unstructured verbal learning (learning a word list) or structured non-verbal 
learning (picture learning) between childhood and young adulthood.  Trajectories 
of learning performance for structured verbal narratives (story learning) were 
better in later initiators, compared to individuals with no history of marijuana use.  
Although overall trajectories were not significantly worse in earlier initiators than 
in never users, earlier initiators showed a significant within-group decline 
between adolescence and young adulthood, unlike the other groups.  Relatively 
inefficient learning for earlier initiators is consistent with much of the relevant 
literature (Broyd et al., 2016; Lisdahl et al., 2014).  Earlier initiators may require 
preventative intervention for cognitive, academic, and social problems associated 
with marijuana use.  The relatively better trajectory among later initiators was 
unexpected and contradicts the linear temporal-sequence relationship expected 
under the marijuana neurotoxicity hypothesis.  Later initiators may have avoided 
use during a sensitive period (and thus a worse learning trajectory), but improved 
age-adjusted learning performance is less expected than stable or declined 
performance.   
 A direct, neurocognitive benefit of later marijuana initiation is unlikely, and 




most often associated with either adverse effects or no effects on cognitive 
function.  Random chance is a possible explanation for this pattern, but relatively 
high group mean performance (roughly 2/3 of a standard deviation higher than 
the other groups in young adulthood) and significantly improved within-group 
mean performance over time seem unlikely to be due to chance.  
 Unmeasured, confounding psychosocial variables may help explain 
current findings.  In support of this suggestion, control for measured variables 
(anxiety, depression, post-secondary education, past-month marijuana use, and 
past-week high-risk drinking) rendered non-significant the advantage for later 
initiators compared to never users on Story Memory in young adulthood.  Other 
research has found that personality (particularly, openness to experience) may 
mediate positive associations between marijuana use and cognitive function 
(Daly, 2013); perhaps later initiators in our sample reflect this pattern.  Or, given 
how normative marijuana use was in our sample, perhaps later initiation was a 
proxy for individuals having unmeasured familial, social, and neurocognitive 
protective factors preventing earlier initiation and its associated detrimental 
outcomes.  The specificity of this result to Story Memory is also difficult to 
explain.  Although the structure inherent in a story can make it easier to learn 
than a word list, we would not expect this structure to primarily benefit later 
initiators to the extent that they would outperform those who denied any history of 
marijuana use at every assessment (and whose urine tests were negative for 




word lists or stories to evaluate learning and memory, and again, they usually 
find adverse or no effects of adolescent marijuana use.  However, one cross-
sectional study of a community-based sample found better word-list memory, 
executive control, and social cognition in occasional users, and worse executive 
control in frequent users, compared to never users (Scott et al., 2017), so it is not 
unheard of for lighter users in some samples to display relative strengths (in our 
sample, later initiators reported lower recent use than earlier initiators).   
 Conversely, earlier initiators’ poor WRAML Story Memory trajectories 
might reflect both neurobiological and psychological factors.  Their timing of 
marijuana initiation may be associated with unique effects on learning.  Although 
they reported higher recent use, earlier initiators performed worse than later 
initiators on Story Memory in young adulthood after controlling for recent use in 
our secondary model, reducing the potential explanatory role of acute 
intoxication.  Further, earlier marijuana initiation has cognitive and 
neurobiological associations independent of lifetime amount or severity of 
marijuana use (Crane et al., 2015; Lisdahl et al., 2014).  The less optimal 
learning trajectories may also reflect maladaptive psychological confounds, such 
as familial-cultural deficits (N. J. Jackson et al., 2016) or poorer effort during 
testing (Hirst et al., 2017), that could have an impact independent of depression 
and anxiety symptoms (which we controlled for in our secondary model of young-
adulthood cross-sectional outcomes).   




groups did not differ in level of any of the intrauterine substance exposures, 
possibly because of differences in independent and dependent variables and in 
sample composition.  For example, some individuals missed a childhood 
assessment, leaving them eligible for the 2011 report but not the current one 
(n=25), or were missing adolescent or young adulthood assessments which 
made them ineligible for this report (n=4). 
Study Strengths 
The longitudinal design of the present study allowed for examination of 
more premorbid factors than most studies of adolescent marijuana use, in 
addition to allowing long-term follow-up of participants with known intrauterine 
drug exposures.  As a result, we were able to identify and control for potentially 
confounding risk factors for memory/cognitive dysfunction not controlled for in 
most prior studies, particularly, premorbid memory and cognitive function.  In 
addition, potential biases that apply to samples recruited at later ages (e.g., 
selection bias for children with behavior problems, retrospective recall bias 
leading to distorted report of past behavioral and developmental problems) are 
less likely.  In addition, given that the present study did not involve participants 
selected from treatment samples with a known history of maladaptive substance 
use, current findings are more likely to generalize to a wider range of community-





Although we were able to evaluate cognitive performance associations 
with timing of marijuana initiation (while controlling for recent use), we were 
unable to examine lifetime exposure factors such as lifetime frequency, duration, 
and dosage of marijuana use, as well as periods of abstinence, which are 
important in investigating neurotoxicity (Wagner et al., 2010).  Earlier initiators 
may or may not use marijuana more frequently, longer (months, years), at higher 
doses, or without periods of abstinence; one or more of these factors could have 
played a role in our findings.  Because many of both marijuana user groups had 
used marijuana within the past month of assessment, we cannot fully 
disaggregate the potential causal impact of recent intoxication or withdrawal.  
Nevertheless, earlier initiators performed similarly to never users on most 
learning measures at most time points (consistent with their similar premorbid 
functioning), except for on Story Memory, suggesting that potentially negative 
impacts of recent intoxication or withdrawal were often minimal.  Additionally, we 
doubt recent intoxication or withdrawal caused improved performance in later 
initiators (to a level of performance similar to never users on most measures and 
better on Story Memory).   
Caution must be shown in generalizing findings from this relatively small 
sample of community-dwelling low-income youth of color to other populations.  
Our relatively disadvantaged sample, including several individuals with 




marijuana users.  However, these analyses revealed scarce and transient 
learning and memory differences between exposure groups. 
Additionally, these findings may not apply to other neurocognitive domains 
(e.g., aspects of attention and executive function) not included in the present 
analysis.  Examining how premorbid levels of these domains and their 
trajectories may correlate with, cause, and/or result from associations between 
marijuana initiation timing and learning performance warrants future research.  
Researchers may also find structural or functional neurological alterations without 
behavioral impairment on testing that result from the effects of marijuana, 
confounding variables, or compensation for one of those factors.  In addition, 
performance in the quiet, controlled, one-to-one laboratory testing environment 
may not capture learning difficulties experienced in the face of everyday 
distraction or stressors. 
Conclusions 
In this community sample of predominantly African-American young 
adults, we found that learning performance before initiation of marijuana use was 
not associated with earlier initiation.  Therefore, learning deficits in this study and 
in the literature associated with marijuana use may not stem solely from pre-
existing vulnerabilities but from marijuana neurotoxicity and/or other, confounding 
variables.   
Additionally, earlier and later marijuana use initiators did not exhibit 




used.  The one exception was an unexpected, relatively better verbal narrative 
learning trajectory among later initiators; further research may elucidate the 
nature of this association.  However, given our finding that earlier initiators may 
show significant within-group declines in developmental learning trajectories, 
earlier adolescent marijuana use and/or its correlates (e.g., family psychosocial 
problems) may impair later neurocognitive development.  This risk, in addition to 
other risks associated with earlier marijuana initiation such as problematic 
substance use, psychosis, and underachievement in school (Crane et al., 2013; 
Frank et al., 2014; Hooper et al., 2014; Lisdahl et al., 2014), necessitates early 
clinical intervention and public policy initiatives to delay initiation. 
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Table 2.1. Study 1 Sample Characteristics by Marijuana Initiation Group.   




Initiator (n=62) Statistical Test
c P-value 
Postpartum        
Sex Female 62 (52%) 16 (62%) 16 (52%) 30 (48%) χ2(2, N=119) = 1.27  0.53 
 Male 57 (48%) 10 (38%) 15 (48%) 32 (52%)   
Maternal ethnicity Black (US born) 94 (79%) 15 (58%) 25 (81%) 54 (87%) FET < 0.0001 0.02 
 Black (other) 14 (12%) 6 (23%) 5 (16%) 3 (5%)   
 White (not Hispanic) 9 (8%) 4 (15%) 1 (3%) 4 (6%)   
 Hispanic 1 (1%) 1 (4%) 0 (0%) 0 (0%)   
 Other 1 (1%) 0 (0%) 0 (0%) 1 (2%)   
Maternal years of 
education Mean (Std Dev) 11.51 (1.33) 11.73 (1.59) 11.32 (1.17) 11.52 (1.30) H χ




0=unexposed 91 (76%) 23 (88%) 23 (74%) 45 (73%) FET = 0.0014 0.61 
 1=lighter 14 (12%) 1 (4%) 4 (13%) 9 (15%)   
 2=heavier 14 (12%) 2 (8%) 4 (13%) 8 (13%)   
Intrauterine alcohol 
exposure 0=unexposed 85 (71%) 18 (69%) 23 (74%) 44 (71%) FET = 0.0027 0.88 
 1=lighter 25 (21%) 6 (23%) 7 (23%) 12 (19%)   
 2=heavier 9 (8%) 2 (8%) 1 (3%) 6 (10%)   
Intrauterine 








Initiator (n=62) Statistical Test
c P-value 
 1=lighter 29 (24%) 7 (27%) 7 (23%) 15 (24%)   
 2=heavier 34 (29%) 4 (15%) 10 (32%) 20 (32%)   
Intrauterine 
cocaine exposure 0=unexposed 55 (46%) 12 (46%) 16 (52%) 27 (44%) χ
2(4, N=119) = 0.68 0.95 
 1=lighter 41 (34%) 9 (35%) 9 (29%) 23 (37%)   
 2=heavier 23 (19%) 5 (19%) 6 (19%) 12 (19%)   
        
Age 6.5–8.5 years        
















Mean (Std Dev) 9.73 (2.47) 9.54 (3.03) 9.66 (2.04) 9.85 (2.58) H χ2(2, N=119) = 0.26 0.88 
        
Age 14.5–16.4 

























Mean (Std Dev) 7.75 (2.59) 8.22 (2.98) 8.28 (2.42) 7.27 (2.46) H χ2(2, N=107) = 3.79 0.15 
        
Age 21–24 yearsb         
Ever in sample’s 
highest quartile of 
violence exposure 








Mean (Std Dev) 8.78 (8.56) 4.91 (3.72) 9.68 (9.53) 9.60 (8.92) H χ2(2, N=106) = 3.13 0.21 
Marijuana use 
within 30 days of 
assessment (self-
report and urine 
assay) 
Yes 57/98 (58%) 0/18 (0%) 18/29 (62%) 39/51 (76%) FET<0.0001 <0.01 
High-risk drinking 
within 7 days of 
assessment 

























Mean (Std Dev) 10.38 (3.15) 10.39 (3.60) 11.03 (2.87) 10.02 (3.14) H χ2(2, N=99) = 1.57 0.46 
aPre-initiation IQ was determined from the Wechsler Intelligence Scales for Children (WISC-III) pro-rated full-scale IQ at age 8.5 where available 
(n = 116). Otherwise, for never users and later initiators, preadolescent WISC-III full-scale IQ (n = 2) or early adolescent Wechsler Abbreviated 
Scales of Intelligence IQ (n = 1) was used, as these measurements preceded any initiation of use. 
bWRAML2 Design Memory was not evaluated at age21-24 years. 





Table 2.2. Secondary Analysis Model: Young-Adult Story Memory Scaled Score. 
  Estimate SE Wald 95% CI Wald χ2 (df) P-value 
Category of marijuana initiation 
age Never Marijuana User (n=16) -1.0985 0.77655 (-2.5798, 0.4019) 2.06 (1) 0.1513 
 Earlier Marijuana Initiator (n=28) -2.0120 0.5260 (-3.0430, -0.9809) 14.63 (1) 0.0001 
 Later Marijuana Initiator (n=48) (ref)     
Sex Female (n=51) 1.4126 0.5231 (0.3874, 2.4378) 7.29 (1) 0.0069 
 Male (n=41) (ref)     
Pre-initiation IQa  0.0919 0.0155 (0.0614, 0.1223) 34.99 (1) <0.0001 
Any post-secondary education Yes (n=48) 1.0944 0.5242 (0.0670, 2.1218) 4.36 (1) 0.0368 
 No (n=44) (ref)     
Marijuana use within 30 days of 
assessment (self-report and urine 
assay) 
Yes (n=53) 0.9069 0.5927 (-0. 2548, 2.0685) 2.34 (1) 0.1260 
 No (n=39) (ref)     
High-risk drinking within 7 days of 
assessment Yes (n=13) 1.9908 0.6982 (0.6224, 3.3592) 8.13 (1) 0.0044 
 No (n=79) (ref)     
Beck Anxiety Inventory Total Score   0.0284 0.0392 (-0.0484, 0.1052) 0.52 (1) 0.4687 
Beck Depression Inventory-II Total 





Table 2.3. Sample Characteristics by Intrauterine Marijuana Exposure. 







Statistical Testc P-value 
Postpartum        
Sex Female 62 (52%) 40 (44%) 6 (43%) 5 (36%) χ2(2, N=119) = 2.55 0.28 
 Male 57 (48%) 51 (56%) 8 (57%) 9 (64%)   
Maternal ethnicity Black (US born) 94 (79%) 68 (75%) 13 (93%) 13 (93%) FET=0.0015 0.57 
 Black (other) 14 (12%) 14 (15%)     
 White (not Hispanic) 9 (8%) 7 (8%) 1 (7%) 1 (7%)   
 Hispanic 1 (1%) 1 (1%)     
 Other 1 (1%) 1 (1%)     
Maternal years of 
education Mean (Std Dev) 11.51 (1.33) 11.48 (1.40) 11.64 (1.15) 11.57 (1.09) H χ
2(2, N=119) = 0.43 0.81 
        
Age 6.5–8.5 years        
Pre-initiation IQa Mean (Std Dev) 87.17 (15.24) 86.45 (14.85) 86.71 (13.18) 92.29 (19.42) H χ2(2, N=119) = 0.85 0.65 
WRAML Story Memory 
Scaled Score Mean (Std Dev) 8.17 (2.40) 8.05 (2.30) 8.21 (3.17) 8.89 (2.22) H χ
2(2, N=119) =1.54 0.46 
WRAML Verbal Learning 
Scaled Score Mean (Std Dev) 9.50 (2.65) 9.45 (2.66) 9.89 (3.05) 9.50 (2.32) H χ
2(2, N=119) =0.09 0.95 
WRAML Design Memory 
Scaled Score Mean (Std Dev) 8.41 (2.47) 8.41 (2.52) 9.07 (2.63) 7.75 (1.94) H χ
2(2, N=119) =1.39 0.50 
WRAML Picture Memory 
Scaled Score Mean (Std Dev) 9.73 (2.54) 9.95 (2.53) 8.36 (2.43) 9.68 (2.46) H χ
2(2, N=119) =5.60 0.06 











Statistical Testc P-value 
Age 14.5–16.4 years        
WRAML2 Story Memory 
Scaled Score Mean (Std Dev) 9.18 (2.98) 8.96 (3.02) 9.57 (3.08) 10.08 (2.63) H χ
2(2, N=107) =2.16 0.34 
WRAML2 Verbal 
Learning Scaled Score Mean (Std Dev) 9.72 (2.60) 9.64 (2.72) 10.14 (2.21) 9.77 (2.39) H χ
2(2, N=107) =0.81 0.67 
WRAML2 Design 
Memory Scaled Score Mean (Std Dev) 6.91 (2.44) 6.73 (2.43) 7.29 (2.61) 7.62 (2.33) H χ
2(2, N=107) =2.90 0.23 
WRAML2 Picture 
Memory Scaled Score Mean (Std Dev) 7.75 (2.59) 7.70 (2.62) 8.07 (2.27) 7.69 (2.93) H χ
2(2, N=107) =0.43 0.81 
        
Age 21–24 yearsb         
Ever in sample’s highest 
quartile of violence 
exposure 
Yes 59/119 (50%) 45 (49%) 8 (57%) 6 (43%) 
 
F(2, 465) = 0.07 
0.93 
Beck Anxiety Inventory 
Total Score (n=106) Mean (Std Dev) 9.15 (9.71) 8.56 (10.43) 8.89 (7.75) 13.39 (12.44) H χ
2(2, N=106) = 2.50 0.29 
Beck Depression 
Inventory-II Total Score 
(n=106) 
Mean (Std Dev) 8.78 (8.56) 8.69 (9.37) 7.00 (5.11) 12.04 (10.29) H χ2(2, N=106) = 1.13 0.57 
Marijuana use within 30 
days of assessment (self-
report and urine assay) 




High-risk drinking within 














Statistical Testc P-value 
Any post-secondary 
education (n=111) Yes 55/111 (50%) 40 (48%) 9 (64%) 6 (43%) 
 
χ2(2, N=111) = 1.53 
0.47 
WRAML2 Story Memory 
Scaled Score Mean (Std Dev) 8.89 (3.11) 8.78 (2.79) 9.64 (4.18) 8.69 (3.66) H χ
2(2, N=100) = 0.44 0.80 
WRAML2 Verbal 
Learning Scaled Score Mean (Std Dev) 8.91 (2.97) 8.77 (3.03) 9.86 (2.88) 8.69 (2.72) H χ
2(2, N=100) = 1.24 0.54 
WRAML2 Picture 
Memory Scaled Score Mean (Std Dev) 10.38 (3.15) 10.56 (3.09) 10.00 (3.46) 9.85 (3.29) H χ
2(2, N=99) = 0.66 0.72 
aPre-initiation IQ was determined from the Wechsler Intelligence Scales for Children (WISC-III) pro-rated full-scale IQ at age 8.5 where available (n = 
116). Otherwise, for never users and later initiators, preadolescent WISC-III full-scale IQ (n = 2) or early adolescent Wechsler Abbreviated Scales of 
Intelligence IQ (n = 1) was used, as these measurements preceded any initiation of use. 
bWRAML2 Design Memory was not evaluated at age 21-24 years. 





Table 2.4. Sample Characteristics by Intrauterine Cocaine Exposure. 








Postpartum        
Sex Female 62 (52%) 29 (53%) 22 (54%) 11 (48%) χ2(2, N=119) =0.22 0.90 
 Male 57 (48%) 26 (47%) 19 (46%) 12 (52%)   
Maternal ethnicity Black (US born) 94 (79%) 38 (69%) 35 (85%) 21 (91%) FET<0.0001 <0.01 
 Black (other) 14 (12%) 13 (24%) 1 (2%)    
 White (not Hispanic) 9 (8%) 3 (5%) 4 (10%) 2 (9%)   
 Hispanic 1 (1%)  1 (2%)    
 Other 1 (1%) 1 (2%)     
Maternal years of 
education Mean (Std Dev) 11.51 (1.33) 11.55 (1.41) 11.56 (1.40) 11.35 (1.03) H χ
2(2, N=119) =1.36 0.51 
        
Age 6.5-8.5 years        
Pre-initiation IQa Mean (Std Dev) 87.17 (15.24) 87.60(15.75) 85.83 (14.59) 88.52 (15.64) H χ2(2, N=119) =0.22 0.89 
WRAML Story 
Memory Scaled Score Mean (Std Dev) 8.17 (2.40) 8.35 (2.33) 7.67 (2.26) 8.65 (2.71) H χ




Mean (Std Dev) 9.50 (2.65) 9.91 (2.79) 9.15 (2.62) 9.17 (2.33) H χ2(2, N=119) =2.67 0.26 
WRAML Design 
Memory Scaled Score Mean (Std Dev) 8.41 (2.47) 8.77 (2.49) 7.89 (2.74) 8.48 (1.77) H χ
2(2, N=119) =2.89 0.24 
WRAML Picture 
Memory Scaled Score Mean (Std Dev) 9.73 (2.54) 10.05 (2.36) 8.90 (2.65) 10.43 (2.47) H χ
2(2, N=119) =5.84 0.05 












Age 14.5–16.4 years        
WRAML2 Story 
Memory Scaled Score Mean (Std Dev) 9.18 (2.98) 8.98 (3.23) 8.75 (2.81) 10.76 (2.14) H χ




Mean (Std Dev) 9.72 (2.60) 10.02 (2.68) 9.25 (2.15) 9.94 (3.27) H χ2(2, N=107) =3.05 0.22 
WRAML2 Design 
Memory Scaled Score Mean (Std Dev) 6.91 (2.44) 6.82 (2.58) 6.95 (2.51) 7.06 (1.95) H χ
2(2, N=107) =0.78 0.68 
WRAML2 Picture 
Memory Scaled Score Mean (Std Dev) 7.75 (2.59) 7.32 (2.69) 8.10 (2.27) 8.18 (2.94) H χ
2(2, N=107) =3.70 0.16 
        
Age 21–24 yearsb         
Ever in sample’s 
highest quartile of 
violence exposure 
Yes 59/119 (50%) 27 (49%) 21 (51%) 12 (52%) F(2, 28406) = 0.10 0.90 
Beck Anxiety 
Inventory Total Score 
(n=106) 




Mean (Std Dev) 8.78 (8.56) 8.99 (8.96) 8.45 (10.15) 9.55 (7.67) H χ2(2, N=106) =2.21 0.33 
Marijuana use within 
30 days of 
assessment (self-
report and urine 
assay) 













within 7 days of 
assessment 
Yes 13/97 (13%) 7 (16%) 4 (12%) 2 (11%) FET=0.07 0.86 
Any post-secondary 
education (n=111) Yes 55/111 (50%) 25 (48%) 19 (50%) 11 (52%) χ
2(2, N=111) =0.12 0.94 
WRAML2 Story 
Memory Scaled Score Mean (Std Dev) 8.89 (3.11) 9.45 (3.24) 7.88 (2.58) 9.25 (3.32) H χ




Mean (Std Dev) 8.91 (2.97) 9.17 (2.90) 8.88 (3.16) 8.35 (2.89) H χ2(2, N=100) =1.09 0.58 
WRAML2 Picture 
Memory Scaled Score Mean (Std Dev) 10.38 (3.15) 10.54 (3.20) 10.09 (3.16) 10.50 (3.15) H χ
2(2, N=99) =0.60 0.74 
aPre-initiation IQ was determined from the Wechsler Intelligence Scales for Children (WISC-III) pro-rated full-scale IQ at age 8.5 where available (n = 
116). Otherwise, for never users and later initiators, preadolescent WISC-III full-scale IQ (n = 2) or early adolescent Wechsler Abbreviated Scales of 
Intelligence IQ (n = 1) was used, as these measurements preceded any initiation of use. 
bWRAML2 Design Memory was not evaluated at age 21-24 years. 





Table 2.5. Sample Characteristics by Intrauterine Alcohol Exposure. 









Statistical Testc P-value 
Postpartum        
Sex Female 62 (52%) 44 (52%) 14 (56%) 4 (44%) FET=0.0407 0.82 
 Male 57 (48%) 41 (48%) 11 (44%) 5 (56%)   
Maternal ethnicity Black (US born) 94 (79%) 64 (75%) 21 (84%) 9 (100%) FET=0.0015 0.63 
 Black (other) 14 (12%) 13 (15%) 1 (4%)    
 White (not Hispanic) 9 (8%) 6 (7%) 3 (12%)    
 Hispanic 1 (1%) 1 (1%)     
 Other 1 (1%) 1 (1%)     
Maternal years of education Mean (Std Dev) 11.51 (1.33) 11.53 (1.45) 11.40 (1.00) 11.67 (1.00) H χ2(2, N=119) =0.83 0.66 
        
Age 6.5–8.5 years        
Pre-initiation IQa Mean (Std Dev) 87.17 (15.24) 86.64 (15.07) 89.28 (17.26) 86.33 (11.40) H χ2(2, N=119) =0.10 0.95 
WRAML Story Memory 
Scaled Score Mean (Std Dev) 8.17 (2.40) 8.13 (2.35) 8.38 (2.91) 8.00 (1.20) H χ
2(2, N=119) =0.09 0.96 
WRAML Verbal Learning 
Scaled Score Mean (Std Dev) 9.50 (2.65) 9.51 (2.73) 9.80 (2.54) 8.67 (2.24) H χ
2(2, N=119) =0.78 0.68 
WRAML Design Memory 
Scaled Score Mean (Std Dev) 8.41 (2.47) 8.43 (2.54) 8.58 (2.41) 7.78 (2.15) H χ
2(2, N=119) =1.16 0.56 
WRAML Picture Memory 
Scaled Score Mean (Std Dev) 9.73 (2.54) 9.54 (2.55) 10.40 (2.42) 9.67 (2.80) H χ
2(2, N=119) =1.95 0.38 
        
Age 14.5–16.4 years        
WRAML2 Story Memory 
Scaled Score Mean (Std Dev) 9.18 (2.98) 8.86 (2.96) 9.90 (2.98) 10.38 (2.92) H χ













Statistical Testc P-value 
WRAML2 Verbal Learning 
Scaled Score Mean (Std Dev) 9.72 (2.60) 9.56 (2.50) 10.10 (2.90) 10.25 (2.96) H χ
2(2, N=107) =0.85 0.66 
WRAML2 Design Memory 
Scaled Score Mean (Std Dev) 6.91 (2.44) 6.77 (2.42) 7.19 (2.86) 7.50 (1.31) H χ
2(2, N=107) =1.96 0.38 
WRAML2 Picture Memory 
Scaled Score Mean (Std Dev) 7.75 (2.59) 7.55 (2.69) 8.52 (2.52) 7.63 (1.30) H χ
2(2, N=107) =2.05 0.36 
        
Age 21-24 yearsb         
Ever in sample’s highest 
quartile of violence exposure Yes 59/119 (50%) 43 (51%) 13 (52%) 3 (33%) F(2,6417) =0.45  0.63 
Beck Anxiety Inventory Total 
Score (n=106) Mean (Std Dev) 9.15 (9.71) 9.16 (10.44) 9.86 (12.35) 8.56 (5.27) H χ
2(2, N=106) =0.65 0.72 
Beck Depression Inventory-
II Total Score (n=106) Mean (Std Dev) 8.78 (8.56) 9.14 (9.65) 7.45 (7.46) 10.39 (7.91) H χ
2(2, N=106) =1.01 0.60 
Marijuana use within 30 
days of assessment (self-
report and urine assay)  
Yes 57/98 (58%) 42 (60%) 11 (52%) 4 (57%) FET=0.0496 0.88 
High-risk drinking within 7 
days of assessment Yes 13/97 (13%) 11 (16%) 2 (10%) 0 (0%) FET=0.0882 0.68 
Any post-secondary 
education (n=111) Yes 55/111 (50%) 40 (50%) 11 (50%) 4 (44%) FET=0.0489 1.0 
WRAML2 Story Memory 
Scaled Score Mean (Std Dev) 8.89 (3.11) 9.06 (2.92) 8.95 (3.73) 7.00 (2.77) H χ













Statistical Testc P-value 
WRAML2 Verbal Learning 
Scaled Score Mean (Std Dev) 8.91 (2.97) 8.99 (2.94) 8.62 (3.12) 9.00 (3.27) H χ
2(2, N=100) =0.37 0.83 
WRAML2 Picture Memory 
Scaled Score Mean (Std Dev) 10.38 (3.15) 10.28 (3.22) 10.67 (2.56) 10.57 (4.39) H χ
2(2, N=99) =0.03 0.98 
aPre-initiation IQ was determined from the Wechsler Intelligence Scales for Children (WISC-III) pro-rated full-scale IQ at age 8.5 where available (n = 
116). Otherwise, for never users and later initiators, preadolescent WISC-III full-scale IQ (n = 2) or early adolescent Wechsler Abbreviated Scales of 
Intelligence IQ (n = 1) was used, as these measurements preceded any initiation of use. 
bWRAML2 Design Memory was not evaluated at age 21–24 years. 





Table 2.6. Sample Characteristics by Intrauterine Tobacco Exposure. 









Statistical Testc P-value 
Postpartum        
Sex Female 62 (52%) 31 (55%) 16 (55%) 15 (44%) χ2(2, N=119) =1.22 0.54 
 Male 57 (48%) 25 (45%) 13 (45%) 19 (56%)   
Maternal ethnicity Black (US born) 94 (79%) 37 (66%) 26 (90%) 31 (91%) FET<0.0001 <0.01 
 Black (other) 14 (12%) 13 (23%) 1 (3%)    
 White (not Hispanic) 9 (8%) 5 (9%) 1 (3%) 3 (9%)   
 Hispanic 1 (1%) 1 (2%)     
 Other 1 (1%)  1 (3%)    
Maternal years of education Mean (Std Dev) 11.51 (1.33) 11.68 (1.34) 11.72 (1.53) 11.06 (1.04) H χ2(2, N=119) =8.68 0.01 
        
Age 6.5–8.5 years        
Pre-initiation IQa Mean (Std Dev) 87.17 (15.24) 89.30 (16.23) 88.48 (12.53) 82.53 (15.07) H χ2(2, N=119) =4.25 0.12 
WRAML Story Memory 
Scaled Score Mean (Std Dev) 8.17 (2.40) 8.19 (2.27) 8.19 (2.79) 8.13 (2.32) H χ
2(2, N=119) =0.21 0.90 
WRAML Verbal Learning 
Scaled Score Mean (Std Dev) 9.50 (2.65) 9.46 (2.40) 9.48 (2.53) 9.59 (3.18) H χ
2(2, N=119) =0.47 0.79 
WRAML Design Memory 
Scaled Score Mean (Std Dev) 8.41 (2.47) 8.86 (2.56) 8.00 (1.67) 8.03 (2.82) H χ
2(2, N=119) =2.33 0.31 
WRAML Picture Memory 
Scaled Score Mean (Std Dev) 9.73 (2.54) 9.66 (2.52) 9.95 (2.18) 9.66 (2.90) H χ
2(2, N=119) =0.15 0.93 













Statistical Testc P-value 
Age 14.5–16.4 years        
WRAML2 Story Memory 
Scaled Score Mean (Std Dev) 9.18 (2.98) 8.75 (2.76) 9.46 (3.52) 9.67 (2.84) H χ
2(2, N=107) =1.70 0.43 
WRAML2 Verbal Learning 
Scaled Score Mean (Std Dev) 9.72 (2.60) 9.73 (2.54) 9.77 (2.92) 9.67 (2.51) H χ
2(2, N=107) =0.05 0.97 
WRAML2 Design Memory 
Scaled Score Mean (Std Dev) 6.91 (2.44) 6.98 (2.60) 6.35 (1.52) 7.27 (2.78) H χ
2(2, N=107) =1.00 0.61 
WRAML2 Picture Memory 
Scaled Score Mean (Std Dev) 7.75 (2.59) 7.65 (2.67) 7.38 (2.58) 8.23 (2.47) H χ
2(2, N=107) =1.93 0.38 
        
Age 21–24 yearsb         
Ever in sample’s highest 
quartile of violence exposure Yes 59/119 (50%) 28 (50%) 14 (48%) 17 (50%) F(2, 851) =0.05  0.95 
Beck Anxiety Inventory Total 
Score (n=106) Mean (Std Dev) 9.15 (9.71) 8.08 (9.15) 8.63 (12.22) 11.53 (10.90) H χ
2(2, N=106) =5.57 0.06 
Beck Depression Inventory-II 
Total Score (n=106) Mean (Std Dev) 8.78 (8.56) 8.68 (9.16) 8.27 (10.53) 9.75 (7.99) H χ
2(2, N=106) =2.11 0.35 
Marijuana use within 30 days 
of assessment (self-report 
and urine assay) 













Statistical Testc P-value 
High-risk drinking within 7 
days of assessment Yes 13/97 (13%) 7 (15%) 0 (0%) 6 (21%) FET=0.0064 0.06 
Any post-secondary 
education (n=111) Yes 55/111 (50%) 29 (54%) 12 (48%) 14 (44%) χ
2(2, N=111) =0.83 0.66 
WRAML2 Story Memory 
Scaled Score Mean (Std Dev) 8.89 (3.11) 9.11 (2.76) 8.77 (2.76) 8.65 (3.84) H χ
2(2, N=100) =0.56 0.76 
WRAML2 Verbal Learning 
Scaled Score Mean (Std Dev) 8.91 (2.97) 8.87 (2.94) 8.77 (3.05) 9.06 (3.05) H χ
2(2, N=100) =0.24 0.89 
WRAML2 Picture Memory 
Scaled Score Mean (Std Dev) 10.38 (3.15) 10.55 (3.03) 9.86 (3.31) 10.48 (3.29) H χ
2(2, N=99) =1.36 0.51 
aPre-initiation IQ was determined from the Wechsler Intelligence Scales for Children (WISC-III) pro-rated full-scale IQ at age 8.5 where available (n = 
116). Otherwise, for never users and later initiators, preadolescent WISC-III full-scale IQ (n = 2) or early adolescent Wechsler Abbreviated Scales of 
Intelligence IQ (n = 1) was used, as these measurements preceded any initiation of use. 
bWRAML2 Design Memory was not evaluated at age 21–24 years. 





Table 2.7. Intrauterine Substance Exposure Descriptive Statistics. 
  n (%) 
Index substance 
mean # self-
reported days of 




















daily volume of 
alcohol in past 30 
days before maternal 












Unexposed 91 (76)       
 Lighter 14 (12) 1.6 (0-5) 0 (0) 6 (43)    
 Heavier 14 (12) 33.1 (0-144) 4 (29) 7 (50)    





Unexposed 55 (46)       
 Lighter 41 (34) 13.9 (0-6)   159 (0-3294)   
 Heavier 23 (19) 79.4 (0-264)   944 (0-40,134)   





Unexposed 85 (71)       
 Lighter 25 (21) 24.8 (1-106)    0.14 (0.03-0.43)  
 Heavier 9 (8) 149.1 (41-280)    4.51 (0.64-13.00)  




  n (%) 
Index substance 
mean # self-
reported days of 




















daily volume of 
alcohol in past 30 
days before maternal 












Unexposed 56 (47)       
 Lighter 29 (24)      3.9 (0.9-9.0) 











Understanding whether there is a consistently negative, linear relation 
between substance use and neurocognitive health outcomes is important for 
considering the common finding in the literature that youth and young adult 
alcohol (Spear, 2018) and marijuana (cannabis) use (Broyd et al., 2016; Lisdahl 
et al., 2014) are associated with poorer cognitive functioning, especially learning.  
As noted in Study 1, the time period between adolescence and young adulthood 
is important for individuals as they experience neurobiological, social, and 
educational transitions (Crane et al., 2013; Lisdahl et al., 2014).  Alcohol use 
(Meda et al., 2018; V. L. Morris et al., 2019; Müller-Oehring et al., 2018) and 
cannabis use (Dahlgren et al., 2016; Gruber et al., 2012; Lisdahl et al., 2014; M. 
J. Smith et al., 2014, 2015; van de Giessen et al., 2017) may harm both 
hippocampal networks and executive networks in the brain.  If there is a relation 
between substance use and negative neurocognitive health outcomes due to 
neurotoxic effects, advising young adults that no use is the safest amount of use 
would be helpful.  Increasing levels of use would always lead to worse outcomes.  
However, as Study 1’s results regarding marijuana initiation and learning 
suggest, there may not always be such a relation, even after accounting for pre-
initiation cognitive function.  Psychosocial factors may be key to understanding 
associations where earlier use or higher levels of use do not always lead to 
worse outcomes.  
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The personality factor “openness to experience” (openness) is a potential 
factor, not only in learning but also in creativity.  One longitudinal study found that 
openness measured in middle age mediated associations between history of any 
use of marijuana and higher composite cognitive ability (word-list recall, delayed 
recall, and animal fluency) (Daly, 2013).  Studies 3 and 4 found openness to be 
positively associated with learning/memory and creativity, respectively, in certain 
samples.  Given associations between openness and creativity in healthy adults 
(Gocłowska et al., 2019; Jauk et al., 2013), openness is important to consider as 
a psychosocial mediator between substance use and creativity as well.  Some 
studies find that non-intoxicated cannabis users perform better on divergent 
thinking tasks (Jones et al., 2009; Weckowicz et al., 1977).  Reduced inhibition is 
associated with open-ended creative problem-solving, and qualitative research 
suggests that writers use alcohol to aid creative production (Koski-Jännes, 1985; 
Lin & Lien, 2013).   
Neurocognitive associations (positive or negative) are not the only impact 
of substances.  Both alcohol use (Gutjahr et al., 2001; Rehm, 2011) and 
marijuana use (Groce, 2018; Volkow et al., 2016) carry risk of health 
consequences and addiction, and risk for addiction varies with motives for use.  
Citing Hyman and Sinha (Hyman & Sinha, 2009), we previously described how 
even though some users may be able to use marijuana socially and with limited 
negative consequences, other users with greater life stress use heavily to cope; 
the latter individuals are at greatest risk for addiction, with chronic use and stress 
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potentially reinforcing each other by impacting both decision-making ability and 
the brain’s processing of stress (Barthelemy et al., 2016).  Many adolescent 
users endorse stress or tension as marijuana use motives, including several who 
use to “alleviate anger or frustration” or to “blow off steam” (Hyman & Sinha, 
2009).  Stressful/adverse life events are dose-dependent risk factors for alcohol 
and drug dependence, and in animal laboratory studies, experimental acute 
stress and early life stress cause higher alcohol self-administration (Sinha, 2008).  
A study of US veterans showed that among individuals with higher self-reported 
PTSD symptoms there are higher expectations for marijuana-induced relief and 
higher consumption levels (Earleywine & Bolles, 2014).  Although motives for use 
is a well-established factor in addiction, it is not well-established as a factor in 
neurocognitive outcomes.  In the present study, we decided to explore if 
endorsed motives for use are associated with learning and creativity, and we 
compared whether these motives were associated with different levels of use.   
I examined the relation between alcohol and marijuana use and openness, 
the relation between alcohol and marijuana use and cognitive outcomes (learning 
and divergent thinking), and whether there were differential associations between 
neurocognitive outcomes and substance use levels based on motive for use. 
The first hypothesis was that alcohol and marijuana use characteristics 
(age of initiation, frequency of current use, and amount of current use) would not 
show consistently significant positive or negative correlations with cognitive 
function (learning, ideational fluency, and novelty fluency). 
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The second hypothesis was that, among users, different motives for use 
would show differing, significant associations with cognitive function.  Endorsing 
a potentially adaptive motive would be associated with higher openness and 
better cognitive performance than not endorsing that motive, in both correlations 
and mean ranks.  Endorsing a probably maladaptive motive would not be 
associated with openness but would be associated with poorer cognitive function 
than not endorsing that motive. (Individuals could endorse multiple motives for 
alcohol or marijuana use, so the same individuals were included in analyses for 
different motives).   
We examined whether any motives associated with cognitive differences 
would also be associated with differences in premorbid IQ, depression or anxiety 
symptoms, or earlier or higher amounts of alcohol use.  One recent study 
suggested that internalizing symptom severity, in interaction with executive 
dysfunction, was associated with drinking motives, alcohol consumption levels, 
and alcohol use disorder symptoms (Lees et al., 2020), hence, I included 
premorbid IQ, depression symptoms, and anxiety symptoms in the analyses.  
Method 
Participants 
Participants included 41 young adults, or “YCs” (22 women, mean age 
18.5 ± 0.9 years), who were control subjects as part of a study of individuals with 
Parkinson’s disease (“PDs”), along with age-matched healthy controls (“NCs”).  
For the YCs, the mean age was 18.5 (SD = 1.9).  YCs’ self-identified race was 
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White or Caucasian (19), Asian/Pacific Islander (15), Black (2) multiple races (4), 
or no response (1).  Their self-identified ethnicity was Hispanic (4), not Hispanic 
(28), or no response (9).  All procedures were approved by the Institutional 
Review Board of Boston University, and consent was obtained according to the 
Declaration of Helsinki.  Recruitment procedures for PDs and NCs are detailed in 
Studies 3 and 4.  YCs were recruited through the Boston University SONA 
system for experimental participation credit.  Exclusion criteria for the control 
groups included self-reported history of conditions that impact cognitive function: 
serious chronic illness (including psychiatric or neurological), intracranial surgery, 
traumatic brain injury (except for minor concussions resulting in loss of conscious 
under a few minutes), use of psychoactive medications, and alcoholism or other 
drug abuse.  In the lab, all YCs completed 1 hour of cognitive tasks and self-
report tasks.   
Measures 
Cognitive 
Learning.  Participants received the Rey Auditory Verbal Learning Test 
(Schmidt, 1996), in which they attempted to learn a list of 15 unrelated words 
across five trials.  After a trial with a distractor list, they attempted incidental recall 
on immediate and 20-minute delayed free recall trials, followed by a recognition 




Divergent Thinking (Creativity).  Alternate uses tasks ask participants to 
name uses for a common object that are different from its normal use.  The 
present study used a modification of the Guilford Alternate Uses (GAU) tasks 
used by Oppezzo and Schwartz (Oppezzo & Schwartz, 2014) and Gilhooly and 
colleagues (Gilhooly et al., 2007).  Participants provided alternate uses for a 
common object for 2 trials, with 2 minutes per trial (brick/button or shoe/car tire) 
in GAU-1.  Then they were instructed to walk through the laboratory corridors for 
2 minutes at a comfortable pace.  Immediately afterward, they completed GAU-2: 
the same task for the other pair of objects (counterbalanced within each 
participant group). GAU instructions were as follows:  
This task is meant to be a fun challenge. You will be asked to produce 
different, unusual uses for an object until I ask you to stop. The uses should be 
different from the normal use, and as creative as you can think of (unusual, 
uncommon, interesting, funny, innovative). For example, the common use for a 
newspaper is for reading, but it could also be used for swatting flies, to line 
drawers, to make a paper hat and so on. It is more important to come up with 
creative ideas than a lot of ideas. Any questions? The first item is a shoe. A 
common use for a shoe is to protect feet. What are some creative uses for a 
shoe? 
 
Based on the findings from Oppezzo and Schwartz, not only did fluency 
increase when the GAU was performed while walking, but it also increased as a 
carry-over effect in a sitting condition that followed the walking condition (beyond 
the practice effects of a sitting condition that followed a sitting condition).  
Therefore, to simplify the task to be appropriate for all participants regardless of 
age or PD status, we attempted to replicate this carry-over effect instead of 
having participants multitask while walking.  Our task also differed by using two 
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2-min trials for the GAU, one object per trial, instead of one 4-min trial with three 
objects in the prompt. 
The outcomes were production during the divergent thinking task.  
Ideational fluency was the number of responses produced by participants.  
Novelty fluency was the number of responses that were specific, were different 
from the common use, were feasible (could happen in real life), did not repeat 
previous answers, and were produced by fewer than 5% of the overall sample.  
The examiner recorded participants’ verbal responses to obviate the potential 
impact of PD on upper-limb function and handwriting.  Two raters blind to which 
group each participant belonged evaluated the responses. 
Premorbid IQ.  Premorbid IQ was estimated using age-adjusted standard 
scores from the Wechsler Test of Adult Reading (WTAR), a task where 
individuals pronounce phonetically irregular words of increasing difficulty 
(Wechsler, 2001).     
Self-report 
Alcohol Use Characteristics.  We asked participants initiation age 
questions, “At what age did you first drink alcohol (if applicable)?” and “At what 
age did you first drink alcohol on a weekly basis (if applicable)?”, using only the 
former question because of low sample size of endorsers. 
Frequency and quantity of alcohol use were assessed using the Daily 
Drinks Questionnaire, DDQ (Collins et al., 1985), as modified by Neighbors and 
colleagues (Neighbors et al., 2006).  The first question was “How many days of 
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the week did you drink alcohol during the past month?” Options included “I do not 
drink at all,” “about once a month,” “two to three times a month,” “once or twice a 
week,” “three to four times a week,” “nearly every day,” and “once a day or 
more.”  The next question asked “Consider a typical week during the last 3 
months. How much alcohol, on average (measured in number of drinks), do you 
drink on each day of a typical week?” Participants wrote in numbers for each day 
of the week, and the sum was considered their number of weekly drinks.  Only 
the second question was used in our analyses because we presumed the two 
questions to be highly correlated, which was accurate: r(39) = .81, p < .001. 
Marijuana Use Characteristics.  We administered items 1, 3, 18, 30, 31, 
and 31b of the Daily Sessions, Frequency, Age of Onset, and Quantity of 
Cannabis Use Inventory, DFAQ-CU (Cuttler & Spradlin, 2017), the first 
empirically validated measure of frequency, age of onset, and quantity of 
marijuana use.  Item 1 assesses any history of marijuana use, item 3 assesses 
frequency, item 18 assesses quantity using the visual comparison of a dollar to 
different pictures of grams of marijuana, and 31 and 31b ask about history of 
cannabis use 2 or more times per month for 6 months or longer.  We analyzed 
items 1, 3, and 18 due to low endorsement/sample size of the other items, with 
items 3 and 18 divided by median among users. 
Motives for Use.  For alcohol use and marijuana use each, 
questionnaires included checkboxes for individuals to endorse reasons for use.  
Based on the addiction literature cited by Hyman and Sinha (Hyman & Sinha, 
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2009), we identified stress and frustration as probably maladaptive motives for 
use.  We identified additional motives related to psychological and substance use 
disorders as probably maladaptive: craving, social anxiety, and depressed mood.  
We also identified potentially adaptive motives.  Using for pleasure may relate to 
openness to experience, which has positive cognitive correlations with cognitive 
function based on Studies 3 and 4.  Using for positive social motives (“making 
and maintaining friendships) may be adaptive in the absence of peer pressure.  
Using a substance to achieve a high was considered possibly adaptive or 
maladaptive because openness may lead individuals to pursue altered sensory 
experiences, but so may desire to escape stressors.  Using a substance for 
medical reasons was also considered possibly adaptive or maladaptive 
depending on the condition treated and amount of supportive clinical research, 
but no YCs endorsed this as a reason. 
Individuals were able to also write in reasons.  None of the YC responses 
were considered synonymous with prompt motives or frequent enough for 
analyses, so they were not analyzed.  YC write-in reasons for alcohol use 
included “to see what it tastes like,” “London,” “curiosity,” “taste,” “social norm,” 
and “social event.”  YC write-in reasons for marijuana use included “curiosity” 
and related phrases, “gummies,” and “sleep aid.” 
Personality. Personality was assessed with the Big Five Inventiory-2 
(BFI-2): an assessment of personality based on empirically-derived factors (Soto 
& John, 2017).  In addition to open-mindedness (often referred to as “openness”), 
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factors include extraversion, agreeableness, conscientiousness, and negative 
emotionality (often referred to as “neuroticism”).  Subfactors derived for open-
mindedness include intellectual curiosity, aesthetic sensitivity, and creative 
imagination.  Individuals higher in intellectual curiosity self-report higher interest 
in abstract or ideas or intellectual discussions.  Individuals higher in aesthetic 
sensitivity self-report higher interest or pleasure in artistic pursuits.  Individuals 
higher in creative imagination self-report higher inventiveness and idea 
generation.   
Mood and Anxiety. Mood was assessed using the Beck Depression 
Inventory-II (BDI-II) of depression symptoms (Beck et al., 1996), and anxiety was 
assessed using the Beck Anxiety Inventory (BAI) (Beck & Steer, 1993). 
Statistical Analysis 
We conducted correlational analyses between self-report alcohol use 
characteristics and neurocognitive outcomes (word list learning, ideational 
fluency, and novelty fluency) and BFI-2 open-mindedness (openness).   
Among individuals endorsing alcohol use, we conducted Mann-Whitney U 
tests (U-tests; nonparametric to account for small or uneven sample sizes) 
comparing mean ranks of individuals who endorsed a specific motive and those 
who did not endorse that motive on neurocognitive outcomes and openness as 
the dependent variables of interest.  To explore potential explanations for 
significant findings, we also compared these individuals on current self-reported 
alcohol use, premorbid IQ, depression symptoms, and anxiety symptoms.   
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We used a t-test to compare neurocognitive outcomes and openness 
based on whether individuals endorsed having ever use marijuana.  Due to 
sample size considerations, we were unable to conduct other t-tests or 
correlations among marijuana users, but we used U-tests with median cut-points.   
Similar to our alcohol use motives analyses, we used U-tests among 
marijuana users based on endorsement of specific motives, comparing mean 
ranks of neurocognitive outcomes and openness. 
For all of these analyses, we only report results where endorsers and non-
endorsers each had at least a sample size of 5. 
Results 
Alcohol Use Characteristics, Neurocognitive Outcomes, and Openness 
In correlational analyses, among individuals endorsing any history of 
alcohol use (n=37), age of first use and number of drinks per week were not 
significantly associated with neurocognitive outcomes or openness. 
Alcohol Use Motives’ Association with Mean Rank in Neurocognitive Outcomes 
Sample sizes were reduced to 36 for BDI-II and BAI outcomes and to 35 
for RAVLT Total Learning outcomes due to missing data.  Motives for use that 
met sample size criteria included pleasure, high, making and maintaining 
friendships, social anxiety, and stress. 
U-tests revealed that, among alcohol users, individuals endorsing 
pleasure as a motive for use showed significantly higher mean rank in RAVLT 
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total learning, ideational fluency, novelty fluency, and openness than individuals 
not endorsing pleasure.  They showed significantly higher mean rank for number 
of drinks per week but did not significantly differ from non-endorsers in mean 
rank for age of first drink, premorbid IQ, BDI-II, or BAI scores (Table 3.1). 
U-tests did not reveal significantly different mean rank in neurocognitive 
outcomes or openness for individuals endorsing a high, friendships, or social 
anxiety as a motive for alcohol use.   
Individuals endorsing stress as a motive for alcohol use showed 
significantly lower mean rank in RAVLT total learning than individuals not 
endorsing stress.  They also showed lower mean rank in age of first use and 
higher mean rank in number of drinks per week.  They showed a trend for higher 
mean rank in premorbid IQ but no significant differences in mean rank for 
ideational fluency, novelty fluency, openness, BDI-II, or BAI scores (Table 3.2). 
The group of individuals denying any history of alcohol use was too small 
for statistical comparisons (Table 3.3), but their lower mean openness (untested 
statistically) is consistent with prior literature associating abstinence with lower 
openness across the adult lifespan (Hakulinen et al., 2015). 
Marijuana Use Characteristics, Neurocognitive Outcomes, and Openness 
There were no significant differences in RAVLT total learning, ideational 
fluency, or novelty fluency between individuals endorsing having ever used 
marijuana or denying having done so.  However, there was a trend for higher 
openness among endorsers, t(39) = 1.94, p = .06.  Among users, being above 
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the median for endorsed frequency of marijuana use, endorsed amount of 
marijuana use on a typical day, or age of initiation was not related to RAVLT total 
learning (n=15), or to ideational fluency, novelty fluency, or openness mean rank 
(n=16) in U-tests. 
Marijuana Use Motives’ Association with Mean Rank in Neurocognitive 
Outcomes 
U-tests did not reveal significantly different mean rank in neurocognitive 
outcomes or openness for variables meeting sample size requirements: high (6 
endorsers and 8 non-endorsers), friendships (except for a trend for higher mean 
rank in openness; 6 endorsers and 8 non-endorsers), or stress (7 endorsers and 
7 non-endorsers).   
Discussion 
The present study found mean rank differences in neurocognitive 
performances that were associated with psychosocial motives for use rather than 
strictly resulting from dosage of the substance.  Individuals who endorsed 
drinking for pleasure showed higher mean rank weekly drinking than individuals 
who denied drinking for pleasure, but they also showed higher mean rank 
learning and divergent thinking performance, as well as higher mean rank 
openness.  On the other hand, individuals endorsing drinking to cope with stress 
showed significantly lower mean rank learning scores and no significant 
difference in openness from non-endorsers.  They also showed higher mean 
rank weekly drinking than individuals who denied drinking to cope with stress, 
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and they showed lower mean rank in age of initiation (mean age 15 versus 17).  
Neither endorsement of pleasure nor endorsement of stress as a motive was 
associated with a significant mean rank difference in premorbid IQ, current 
depression symptoms, or current anxiety symptoms.  Although other motives for 
use (high, friendships, social anxiety) did not show significant differences, the 
pattern of effects for pleasure and for stress generally followed our hypothesis 
that better neurocognitive outcomes and higher openness would follow 
potentially adaptive motives for alcohol use (pleasure), and worse neurocognitive 
outcomes would follow probably maladaptive motives for alcohol use (stress).   
As hypothesized, neither alcohol use nor marijuana use frequencies or 
amounts in the overall user samples showed consistent associations with 
neurocognitive differences, but the latter was likely underpowered.  Analyses of 
mean rank differences based on endorsement of motives for marijuana use 
generally did not find significant neurocognitive differences, but they may have 
been underpowered.  However, endorsement of having ever used marijuana, and 
endorsement of using marijuana to make and maintain friendships trended with 
or were associated with higher mean rank in openness, which, depending on the 
population, is protective of learning and creativity (Studies 3 and 4).  We also 
speculate that the write-in reason for substance use, curiosity, may relate to 
openness and be a useful prompt motive in future research.  The potentially 
adaptive motive for alcohol use, pleasure, was associated with both positive 
neurocognitive outcomes and openness, so it was possible for openness to have 
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been protective.  Endorsers of drinking due to stress were unable to benefit from 
openness since it was non-significantly different in mean rank than in non-
endorsers.   
The findings for alcohol use motives and neurocognitive outcomes are 
inconsistent with a strictly neurotoxic interpretation of alcohol use’s associations 
with neurocognitive outcomes.  Alcohol consumption alone did not associate with 
cognitive detriments, but alcohol consumption due to stress did.  A neurotoxic 
argument could be that stress endorsers showed significantly lower mean rank 
age of drinking.  This difference could be a proxy for higher lifetime consumption 
of alcohol and neurotoxicity, potentially explaining their worse learning.  
However, lifetime consumption of alcohol was likely higher among endorsers of 
using for pleasure than non-endorsers as well, but they showed better cognitive 
function, not worse.  Their age of initiation was non-significantly lower in mean 
rank than non-endorsers, and their weekly drinking mean rank was significantly 
higher.  Pattern of drinking may matter (e.g., binge drinking), but again, users of 
moderate frequency (endorsers of using for pleasure) who would hypothetically 
be more likely to binge drink showed better neurocognitive performances than 
users of low frequency (non-endorsers of using for pleasure).   
Although Study 1 examined marijuana initiation rather than alcohol 
initiation (and the present study’s marijuana use sample was likely 
underpowered), the present study’s findings show interesting parallels.  Both 
studies found generally equivalent premorbid IQ between groups, suggesting that 
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cognitive deficits (or strengths) may not have caused the substance use patterns.  
In Study 1, later initiators of marijuana use (at least age 16) showed the best 
story learning trajectories across time points, and they showed the best story 
learning performance at young adulthood (better than earlier initiators’ but not 
better than never-users’ after controlling for covariates).  In the present study, 
individuals who endorsed pleasure as a motive for their alcohol use initiated at 
mean age 16 and showed better learning performance than non-endorsers 
(initiated at mean age 17).  Individuals who endorsed stress as a motive initiated 
at mean age 15 and showed worse learning performance than non-endorsers 
(initiated close to mean age 16 ½).  A psychosocial model would 
comprehensively explain both of these patterns, whereas models focusing on 
neurotoxicity may be less parsimonious in trying to describe how two different 
classes of substances can both result in non-dose response patterns.  Although 
the present study relied on self-report, it used measures validated to correspond 
to drug use screening results.  Additionally, Study 1 used both self-report and 
urine assay to determine past-month use of marijuana. 
Although the current findings are inconsistent with a purely neurotoxic 
model of the effects of alcohol use, they could be consistent with either 
psychosocial (particularly, stress) mediation of neurocognitive effects, or a hybrid 
psychosocial/neurotoxic mediation model.  A psychosocial model might 
suggestion mediation of stress hormones; a hybrid psychosocial/neurotoxic 
model might suggest synergistic mediation of stress hormones and substance 
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use.  Acute administration of commonly abused substances such as alcohol and 
marijuana that activate mesocorticolimbic dopaminergic pathways also activate 
Corticotropin Releasing Factor-Hypothalamic/Pituitary/Adrenal axis and 
autonomic nervous system pathways, increase plasma levels of 
adrenocorticotropic hormone and corticosterone, and cause autonomic 
responses (Sinha, 2008).  Another hybrid model might suggest some sort of 
threshold pattern, where neurotoxic effects of low levels of substance use are not 
as impactful as psychosocial variables in young adults, but neurotoxic effects of 
higher levels of use surpass the impact of psychosocial variables.  This pattern 
might suggest that openness protects cognitive function in substance users, at 
lower levels of use.  Cognitive function in abstinent individuals may not be 
harmed by substance use, but if they are lower in openness and remain so 
across the lifespan, they may not benefit from openness’s protective effects of 
cognitive function in late adulthood (Luchetti et al., 2016).  Many substance use 
studies (Becker et al., 2014; Nguyen-Louie et al., 2017; Schuster et al., 2016; J. 
L. Smith et al., 2017) do not control or match for depression and anxiety 
symptoms, which are well-known to be associated with both substance use and 
neurocognitive performance, let alone analyze the impact of motives for 
substance use (despite their well-established association with addiction) or 
openness to experience.   
This study provides preliminary evidence that, beyond even depression 
and anxiety symptoms, psychosocial factors such as motives for use play a role 
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in neurocognitive associations with substance use.  Future studies using larger 
sample sizes would help confirm this pattern.  Identifying motives for use as an 
important variable in substance use research may explain null findings of 
associations with memory (Nguyen-Louie et al., 2017), improve the power of 
future studies, and examine psychosocial or psychosocial-neurobiological hybrid 
models.  Doing so would also identify important targets for early intervention in 
adolescents whenever the root of learning or academic problems includes a 
psychosocial factor that may be relatively malleable. 
Acknowledgements 
I would like to thank Federica Fusar Poli, Alexandria Shirey, Heejoo Kang, 
Sangwook Park, Emma Jenkins, Emma Pinksy, Stephanie Anakwe, and Deepti 
Murthy for their efforts as divergent thinking task raters and neuropsychological 
battery second-scorers. 
I would also like to thank all of the study participants who graciously 







Table 3.1. Study 2 Neurocognitive and Psychosocial Outcomes Associated with Endorsement of Pleasure 
as an Alcohol Use Motive. 
Outcome nyes / nno 
Mean Rankyes / 
Mean Rankno 
Medianyes / 
Medianno Meanyes (SD) / Meanno (SD) U-value (SE)* P-value* 
TL 23 / 12 21.0 / 12.3 56.0 / 51.5 54.8 (4.9) / 50.7 (4.5) 207.0 (28.6) .02 
IF 24 / 13 21.7 / 14.1 31.0 / 26.0 34.9 (14.4) / 25.5 (12.2) 220.0 (31.4) .04 
NF 24 / 13 22.6 / 12.4 12.0 / 4.0 13.1 (8.4) / 6.8 (6.4) 241.5 (31.4) .005 
OM 24 / 13 22.1 / 13.3 3.9 / 3.4 3.9 (0.6) / 3.4 (0.5) 230.5 (31.3) .02 
SS 24 / 13 18.7 / 19.6 114.0 / 115.0 113.0 (6.7) / 113.5 (6.1) 148.0 (31.2) .81 
BDI-II 24 / 12 18.0 / 19.6 5.0 / 5.5 5.8 (4.1) / 6.3 (4.3) 131.0 (29.6) .68 
BAI 24 / 12 20.2 / 15.2 5.0 / 3.5 5.8 (4.2) / 4.2 (4.0) 183.5 (29.6) .19 
Age First Drink 24 / 13 17.0 / 22.7 16.0 / 17.0 16.0 (1.8) / 17.0 (1.4) 108.5 (30.7) .13 
Weekly Drinks 24 / 13 22.4 / 12.8 2.5 / 0.0 3.3 (3.7) / 0.6 (1.2) 236.5 (30.1) .009 
TL = Rey Auditory Verbal Learning Test (RAVLT) total learning; IF = alternate uses task ideational fluency; NF = alternate uses task 
novelty fluency; OM = BFI-2 open-mindedness; SS = Wechsler Test of Adult Reading standard score; BDI-II = Beck Depression Inventory 






Table 3.2. Neurocognitive and Psychosocial Outcomes Associated with Endorsement of Stress as an 
Alcohol Use Motive. 
Outcome nyes / nno 
mean rankyes / 
mean rankno 
medianyes / 
medianno meanyes (SD) / meanno (SD) U-value (SE)* P-value* 
TL 9 / 26 11.7 / 20.2 50.0 / 56.0 50.0 (5.2) / 54.4 (4.8) 60.5 (26.4) .03 
IF 9 / 28 20.3 / 18.6 32.0 / 27.5 32.4 (16.0) / 31.3 (14.0) 138.0 (28.2) .69 
NF 9 / 28 20.7 / 18.5 13.0 / 7.0 12.1 (8.3) / 10.5 (8.3) 141.5 (28.2) .59 
OM 9 / 28 20.1 / 18.6 3.8 / 3.8 3.8 (0.7) / 3.7 (0.6) 136.0 (28.2) .74 
SS 9 / 28 24.6 / 17.2 117.0 / 113.0 116.1 (3.3) / 112.2 (6.9) 176.0 (28.1) .08 
BDI-II 8 / 28 22.9 / 17.2 7.0 / 4.0 7.4 (3.8) / 5.6 (4.2) 147.5 (26.1) .18 
BAI 8 / 28 23.8 / 17.0 9.0 / 4.0 7.8 (4.5) / 4.6 (3.8) 154.0 (26.1) .12 
Age First Drink 9 / 28 12.4 / 21.1 15.0 / 17.0 15.2 (1.7) / 16.6 (1.6) 67.0 (27.6) .04 
Weekly Drinks 9 / 28 27.7 / 16.2 4.0 / 0.0 5.3 (4.4) / 1.4 (2.2) 204.5 (27.0) .004 
TL = RAVLT total learning; IF = alternate uses task ideational fluency; NF = alternate uses task novelty fluency; OM = BFI-2 open-
mindedness; SS = Wechsler Test of Adult Reading standard score; BDI-II = Beck Depression Inventory II; BAI = Beck Anxiety Inventory. 





Table 3.3. Neurocognitive and Psychosocial Outcomes in Never-users of Alcohol. 
Outcome n median mean (SD) 
TL 3 54.0 52.3 (8.6) 
IF 4 29.5 29.3 (7.4) 
NF 4 8.0 8.8 (4.6) 
OM 4 2.7 2.9 (0.4) 
SS 4 109.0 108.8 (2.6) 
BDI-II 4 8.0 7.0 (2.8) 
BAI 4 5.0 5.5 (2.6) 
TL = RAVLT total learning; IF = alternate uses task ideational fluency; NF = alternate uses task novelty fluency; OM = BFI-2 open-
mindedness; SS = Wechsler Test of Adult Reading standard score; BDI-II = Beck Depression Inventory II; BAI = Beck Anxiety Inventory. 






Problems in learning and memory occur in individuals with Parkinson’s 
disease (PD), but there is great heterogeneity in presentation, ranging from 
essentially normal function to dementia (Cronin-Golomb et al., 2019; Miller et al., 
2013).  The question is raised as to what accounts for this individual variability 
and what may protect an individual against the development of these cognitive 
impairments.  One potential correlate of learning and memory problems in PD is 
personality, particularly the trait “openness” in the Big Five model of personality.  
Openness (also referred to as “openness to experience” or “openness/intellect”) 
refers to a predisposition to find novel ideas and experiences stimulating or 
rewarding, typically including traits of curiosity, imaginativeness, and interest in 
artistic or intellectual pursuits (DeYoung et al., 2007; McCrae & John, 1992; Soto 
& John, 2017).  
Several studies have examined changes in openness in healthy 
individuals across the lifespan, from adolescence (Borghuis et al., 2017; Chan et 
al., 2012; Roberts et al., 2006; Soto et al., 2011; Wängqvist et al., 2015) to 
across adulthood (Chan et al., 2012; Donnellan & Lucas, 2008; Lucas & 
Donnellan, 2011; Roberts et al., 2006; Sakaki et al., 2018; Schwaba et al., 2018; 
Soto et al., 2011; Specht et al., 2011; Wortman et al., 2012).  The most common 
findings are that openness increases in adolescence or late adolescence and 
often begins to decrease in older adulthood, roughly around age 60.  In PD, an 
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age-related disorder, there is a paucity of research.  A recent meta-analysis of 17 
studies confirmed lower openness and lower novelty seeking (a trait that 
overlaps with openness (Gocłowska et al., 2019)) in individuals with PD 
compared to healthy control participants (Santangelo et al., 2018), but only two of 
the studies actually examined openness.  One found significantly lower openness 
in the PD compared to the healthy control group, even after controlling for age, 
gender, and mood (Baig et al., 2017).  The other found lower openness in the PD 
compared to the healthy, age-matched control group that was not significant; the 
relatively small sample size may have underpowered this comparison (Volpato et 
al., 2009).   
Behavioral studies have revealed associations between openness and 
learning/memory in older adults.  Older adults who are higher in openness 
perform better on composite measures of verbal ability, spatial ability, working 
memory/long-term memory, and processing speed (Sharp et al., 2010) and on 
overall indices of immediate and delayed memory (Gregory et al., 2010).  
Openness is also associated with better word list learning, inductive reasoning, 
and processing speed (Aiken-Morgan et al., 2012; Hogan et al., 2012) and with 
lower risk of incipient global cognitive decline (Nishita et al., 2016; Williams et al., 
2013).  A study of 11,209 individuals over the age of 50 at baseline and 6,971 at 
4-year follow-up found that openness was associated with word list learning 
baseline performance and decline (Luchetti et al., 2016).    
Imaging studies further support the relation between openness and 
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learning/memory through association with relevant brain areas.  Openness’s 
correlations (positive, negative, or non-significant) with gray and white matter 
structure in younger, healthy adults vary considerably between studies (Jauk et 
al., 2015; Li et al., 2015; Nostro et al., 2016; Privado et al., 2017; Riccelli et al., 
2017; Toschi & Passamonti, 2019; Vartanian et al., 2018; Yasuno et al., 2017).  
One study of older adults found that openness predicted lower left hippocampal 
volume loss in a sample of 65 healthy elderly adults at 54-month follow-up 
(Giannakopoulos et al., 2020).  In studies with participants of average ages 
ranging from 21 to 30 years-old, openness strongly predicts resting state 
functional connectivity within both the executive control network (Passamonti et 
al., 2015), and the default mode network (Adelstein et al., 2011; Beaty, Kaufman, 
et al., 2016); additionally, individuals higher in openness spend more time in a 
brain state where the default mode network and cognitive control networks 
(executive control network, salience network, and dorsal attention network) show 
co-activation (Beaty et al., 2018).  A related personality construct, novelty-
seeking, is associated with structural connectivity between the striatum and the 
hippocampus and the amygdala in both individuals with PD and age-matched 
healthy adults (Ishii et al., 2016).   
Openness may predict better learning and memory in individuals with PD, 
perhaps being even more protective of cognitive function in PD than in other 
populations, based on PD’s effects on the neural networks associated with 
openness (Cronin-Golomb et al., 2019; Putcha, Ross, et al., 2016; Zhong et al., 
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2019).  Premorbid openness may protect neural network function from the 
deleterious effects of PD (or other age-related network declines); openness may 
reflect successful compensation after incidence of the disease; or openness may 
simply reflect less severe pathology, including in dopamine transmission, 
structural connectivity, and functional connectivity.  Studies on genes and 
cognition are consistent with the first explanation in both healthy adults and in 
PD.  The Met allele for the COMT gene, compared to the Val allele, is associated 
with reduced clearance of dopamine in prefrontal circuits, with higher openness 
(DeYoung et al., 2011), and with better/more efficient working memory (Meyer-
Lindenberg et al., 2006; Tunbridge et al., 2006) in healthy adults.  In PD, relative 
to the Val allele, the Met allele is associated with better set-shifting and working 
memory (Fang et al., 2019); in the early years of disease progression, it appears 
to change from being relatively harmful to being relatively neutral in impact on 
Tower of London performance (Williams-Gray et al., 2009).  Additionally, a 
previous investigation established correlations between openness in PD and 
performance on some cognitive tasks (alternating semantic fluency and 
alternating letter fluency) (Volpato et al., 2009), though learning and memory 
have not been examined to date.       
The present study examined associations between openness, learning, 
and memory in individuals with PD as well as healthy older adult and younger 
adult control participants. The main hypotheses were that in each group, 
openness would explain a significant amount of the variance in learning and 
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memory; higher openness would be associated with better learning and memory; 
these effects would be stronger in the PD group than in the other groups; and 
any significant effects would persist after controlling for age, education, and 
premorbid IQ. 
Additional analyses focused on the PD group.  We examined whether 
relations between openness and learning/memory may be explained by 
executive function or psychosocial function, based on suggestive prior research 
in older adults (Barbey et al., 2014; Shenkin et al., 2014; Steel et al., 2008; 
Volpato et al., 2009; Weber et al., 2015).  We also examined openness’s 
association with side of PD onset, sex, and clinical characteristics of the disease.  
PD is usually of unilateral onset reflecting predominant dysfunction in one 
hemisphere, but even after symptoms become bilateral, asymmetry of pathology 
and associated symptoms remain (Cronin-Golomb, 2010; Cronin-Golomb et al., 
2019; Putcha, Jaywant, et al., 2016).  Studies of healthy adults support a 
prominent role for the right hemisphere in openness (Li et al., 2015; Passamonti 
et al., 2015), but studies of individuals with PD show conflicting results regarding 
side of onset and novelty-seeking differences (Santangelo et al., 2017).  There 
are differences in cognitive performance by men and women with PD, including 






Participants included 33 individuals with idiopathic PD (17 men, 16 
women; “PD participants”), 26 normal older adult controls (14 men, 12 women; 
“NCs”), and 37 young adult controls (19 men, 18 women; “YCs”).  PDs’ self-
identified race was White or Caucasian (30), or no response (3).  Their self-
identified ethnicity was not Hispanic (20), Caucasian (2), or no response (11).  
NCs’ self-identified race was White or Caucasian (23), Black (2), or multiple 
races (1).  Their self-identified ethnicity was not Hispanic (17), Hispanic (1), or no 
response (8).  YCs’ self-identified race was White or Caucasian (17), 
Asian/Pacific Islander (15), multiple races (4), or no response (1).  Their self-
identified ethnicity was Hispanic (3), not Hispanic (27), or no response (7).  All 
procedures were approved by the Institutional Review Board of Boston 
University, and consent was obtained according to the Declaration of Helsinki.  
PD participants were recruited through the Parkinson’s Disease and Movement 
Disorders Center at Boston University Medical Campus, Fox Trial Finder, and PD 
support groups.  NCs were recruited from the general community.  YCs were 
recruited through the Boston University SONA system for experimental 
participation credit.  Exclusion criteria for the control groups included self-
reported history of conditions that impact cognitive function: serious chronic 
illness (including psychiatric or neurological), intracranial surgery, traumatic brain 
injury (except for concussions resulting in loss of conscious under a few 
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minutes), use of psychoactive medications, and alcoholism or other substance 
abuse.  Exclusion criteria for the PD group were similar, except for the allowance 
of PD, history of anxiety or depression (which are common in PD), and history of 
psychoactive medications to treat those conditions.  Participants denied history of 
a clinical diagnosis of mild cognitive impairment or dementia, and NCs and PD 
participants all obtained a score of 26 or better on the modified Mini-Mental State 
Exam (Stern et al., 1987), on conversion to standard MMSE score (standard 
MMSE scores are reported throughout this text).  Diagnosis of idiopathic PD was 
made by the participants’ neurologists, using U.K. Parkinson’s Disease Society 
Brain Bank clinical diagnostic criteria (Hughes et al., 1992).  They met clinical 
criteria for mild to moderate disease, modified Hoehn and Yahr stage range of 1–
3 (Goetz et al., 2004; Hoehn & Yahr, 1967).  Individuals were with PD were in an 
“on” state in terms of dopaminergic medication control of symptoms. 
Measures 
Learning and Memory 
Participants received the Rey Auditory Verbal Learning Test (Schmidt, 
1996), in which they attempted to learn a list of 15 unrelated words across five 
trials.  After a trial with a distractor list, they attempted incidental recall on 
immediate and 20-minute delayed free recall trials, followed by a recognition trial.  
Primary outcomes of interest included raw scores for total learning across all five 
learning trials, distractor list performance (List B), immediate recall, delayed 
recall, and recognition hits minus false positives. 
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Other Cognitive Measures 
Premorbid IQ was estimated using age-adjusted standard scores from the 
Wechsler Test of Adult Reading (WTAR), a task where individuals pronounce 
phonetically irregular words of increasing difficulty (Wechsler, 2001).  Basic 
attention and working memory were assessed with WMS-III Digit Span Forward 
score and Backward score, where participants recited number sequences 
forward or backward, respectively (Wechsler, 1997).  Inhibition was assessed 
with the Inhibition score of the Stroop test, where participants named ink colors 
incongruent with color words (Golden, 1978).  Graphomotor speed and set-
shifting were measured with the Trail Making Tests A & B, where participants 
drew lines to numeric or alphanumeric sequences (Reitan & Wolfson, 1985).  
Fluency variables were measured with a subset of Delis-Kaplan Executive 
Function System Verbal Fluency total word scores: letter fluency (FAS) and 
category fluency (animals) (Delis et al., 2001). 
Self-report 
Personality was assessed with the Big Five Inventiory-2 (BFI-2), a self-
report instrument using 5-point Likert scale items (1 = Disagree Strongly, 5 = 
Agree Strongly).  The instrument is based on empirically-derived factors (Soto & 
John, 2017).  In addition to open-mindedness (often referred to as “openness”), 
factors include extraversion, agreeableness, conscientiousness, and negative 
emotionality (often referred to as “neuroticism”).  Subfactors derived for open-
mindedness include intellectual curiosity, aesthetic sensitivity, and creative 
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imagination.  Individuals higher in intellectual curiosity self-report higher interest 
in abstract ideas or intellectual discussions.  Individuals higher in aesthetic 
sensitivity self-report higher interest or pleasure in artistic pursuits.  Individuals 
higher in creative imagination self-report higher inventiveness and idea 
generation.   
Psychosocial function was assessed using the NIH Toolbox Quality of Life 
in Neurological Disorders (Neuro-QoL) scales, which are self-report measures in 
neurological and healthy populations.  The scales assessed anxiety/worry and 
subjective cognitive function (Cella et al., 2012).  We also administered the Beck 
Depression Inventory-II (BDI-II) of depression symptoms (Beck et al., 1996); the 
Beck Anxiety Inventory (BAI) of physiological anxiety symptoms and panic (Beck 
& Steer, 1993); the Apathy Scale (AS), a questionnaire on symptoms of apathy in 
PD (Starkstein et al., 1992); and the Parkinson’s Disease Questionnaire (PDQ-
39), a scale measuring difficulties individuals with PD may experience in mobility, 
activities of daily living, emotional well-being, stigma, social support, cognitive 
function, communication ability, and bodily discomfort (Peto et al., 1995).   
PD Severity 
PD severity was evaluated using the Unified Parkinson’s Disease Rating 
Scale (UPDRS) (Fahn & Elton, 1987), which includes self-report of non-motor 
symptoms, motor symptoms, and difficulties with activities of daily living, and 
clinician-observed motor symptoms, and reported medication complications.  A 
summary score of motor disability was assigned using the modified Hoehn and 
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Yahr scale (Goetz et al., 2004; Hoehn & Yahr, 1967), which is derived from the 
UPDRS. 
Procedure 
In the lab, all participants completed 1 hour of cognitive tasks, as well as a 
half-hour of questionnaires at home or at the start of the visit.  PD participants 
completed an additional half-hour of UPDRS evaluation at the end of the visit. 
Statistical Analysis  
We used correlation and regression analyses to examine the hypothesis 
that individuals higher in openness and its subfactors showed better learning and 
memory within participant groups (PD, NC, and YC).  We compared Fisher z-
transformed correlation coefficients in the different participant groups to explore 
group differences in the relation between cognition and personality.  Between-
group data were assessed with analysis of variance (ANOVA), followed by post-
hoc 2-group comparisons.  Within PDs, we also conducted correlation analyses 




NCs and PDs were similar in mean age, education, and MMSE (Table 
4.1); t-tests revealed no statistically significant differences.   
ANOVA revealed that groups differed on open-mindedness, aesthetic 
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sensitivity, and creative imagination (Table 4.2).  Post-hoc comparisons found 
that NCs were significantly higher in open-mindedness than YCs, Games-Howell 
p < .001, and PDs, Games-Howell p = .006.  Groups differed on RAVLT scores 
(Table 4.3).  Post-hoc comparisons found that YCs were significantly higher in 
Total Learning than NCs, Games-Howell p = .01, but NCs and PDs did not 
significantly differ. 
PD Correlations 
Unadjusted correlation analyses showed significant, positive associations 
between open-mindedness, intellectual curiosity, creative imagination, and 
learning and memory outcomes in PDs (see Table 4.4), but not in the other 
groups (see Tables 4.5-4.6).  The NC sample size was relatively small but still 
able to detect a significant, positive correlation between premorbid IQ and List B 
recall, r(21) = .52, p = .01.  There were several significantly negative correlations 
between open-mindedness and learning and memory performance in YCs. 
Comparison of Fisher z-score transformed correlation coefficients 
confirmed that there was a stronger unadjusted association between open-
mindedness and learning and memory in individuals with PD than in NCs and 
YCs.  Open-mindedness showed a significantly higher correlation with total 
learning, Z = 3.49, p < .001, immediate recall, Z = 3.63, p < .001, delayed recall Z 
= 3.62, p < .001, and recognition performance, (Z = 3.98, p < .001, in PDs 
compared to NCs, but the difference in List B recall was not significant, Z = 1.63, 
p = .10.  Similarly, compared to YCs, PDs showed stronger correlations between 
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open-mindedness and total learning, Z = 2.30, p = .02, List B recall, Z = 3.38, p < 
.001, delayed recall, Z = 3.59, p < .001, and recognition performance, Z = 2.28, p 
= .02.  Upon visual inspection, scatterplots for the PDs (Figure 4.1) appeared to 
show more pronounced, positive correlations below a mean open-mindedness of 
3.7.  There were only 2 NCs whose mean open-mindedness was below 3.7 (8% 
of the group), whereas there were 13 PDs (39% of the group) and 19 YCs (51% 
of the group). 
PD Regression Models 
In a linear regression model controlling for age, education, and premorbid 
IQ, only open-mindedness significantly predicted total learning.  As a result, the 
covariates were excluded from the final model, and the only predictor was open-
mindedness, R2 = .35, F(1, 31) = 16.57, p < .001.  A 1-point increase in open-
mindedness Likert scale score predicted an individual learning 8.7 more words 
across the 5 learning trials (SE = 2.15,   = .59), 95% CI [4.36, 13.11].  Open-
mindedness also significantly predicted immediate recall, delayed recall, and 
recognition performance, and the covariates were removed as non-significant in 
the final models (Figure 4.1).  Only age and premorbid IQ significantly predicted 




Associations in PD: Cognition, Clinical Variables 
BFI-2 open-mindedness was generally not significantly associated with 
attention, working memory, and executive function variables in PDs, except for 
Stroop Interference score, r(31) = .62, p < .001, and a trend for Trails B speed, 
r(31) = -.34, p = .05.  In regression models controlling for Stroop Interference 
Score, Trails B speed, and premorbid IQ, open-mindedness was again the only 
significant predictor of learning and memory outcomes (including List B recall), 
except it was no longer a significant predictor of recognition performance (and 
neither were the executive function variables).  
Open-mindedness was not significantly associated with worry, depression, 
physiological anxiety, and apathy.  It was significantly negatively associated with 
item 32, “Felt my memory was failing,” on the PDQ, r(31) = -.36, p = .04, and 
there was a trend for an association with self-rated cognitive function on the 
Neuro-QoL, r(31) = .33, p = .06.  However, neither subjective cognitive function 
measure was significantly associated with learning and memory outcomes.  
Open-mindedness variables were not significantly correlated with PD disease 
characteristics (duration in years, side of onset, UPDRS total score, UPDRS 
motor score, Hoehn and Yahr stage, tremor symptoms, and non-tremor 
symptoms) and did not differ based on whether the initial symptom was tremor vs 
other motor symptom.  Sex differences did not appear to drive the association 
between open-mindedness and learning and memory in PD because PD men 




High openness, as measured by BFI-2 open-mindedness and its 
subfactors of intellectual curiosity and creative imagination, positively correlated 
with learning and memory in individuals with Parkinson’s disease without 
dementia (PD), as we had hypothesized.  Also supported was our hypothesis 
that openness would predict learning and memory performance in PD, explaining 
a significant amount of the variance. The positive association between openness 
and learning and memory was predicted to be stronger in individuals with PD 
than in the control groups, and this hypothesis likewise was supported.  In fact, 
correlations in the control groups were, surprisingly, non-significant or negative.  
Individuals with PD, but not age-matched healthy control adults, showed 
significant associations between openness and memory despite the groups’ 
equivalent learning and memory performances.  The BFI-2 open-mindedness 
subfactor of aesthetic sensitivity was not associated with learning and memory in 
PD.   Within PD, neither sex, nor disease characteristics (including duration, 
severity, side of onset, and symptom presentation) were associated with learning 
and memory.   
Openness appears to be an important, independent predictor of learning 
and memory in PD specifically; though learning and memory performances were 
equivalent between the PD and NC groups, openness predicted performance 
only in the PD group.  As noted above, age, education, and premorbid IQ 
differences did not explain its association with memory.  We found that most 
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attention, working memory, and executive function variables did not explain its 
apparently positive and possibly protective effects.  Openness showed a strong, 
significant correlation with inhibition on the Stroop, but only a trend toward a 
correlation with Trail B set-shifting speed.  Controlling for these variables did not 
change openness’s significant prediction of learning and memory.  Though not 
measured in this study, the pursuit of enriching life experiences and stimulating 
environments by individuals high in openness could hypothetically promote 
cognitive reserve and better memory, at least in PD. However, the null findings 
for aesthetic sensitivity in PDs, and the non-significant and significantly negative 
findings between all openness variables and memory in NCs and YCs, do not 
support this explanation.   
The null NC and YC findings also do not support the potential explanation 
that people who are better at learning and memory tasks naturally rate 
themselves higher on such traits as intellectual curiosity and creative 
imagination.  The NC findings were unexpected given the positive association 
between openness and memory found in healthy older adult populations 
(Luchetti et al., 2016), and evidence of dopamine network compromise in older 
adults (Volkow et al., 1998).  However, null findings for the NCs in our analyses 
may be explained by the lack of low open-mindedness scores among NCs in our 
sample.  Among PDs, there appeared to be a threshold below which higher 
open-mindedness positively correlated with learning and memory performances, 
and above which open-mindedness conferred less additional benefit.  Our NCs 
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generally scored above this threshold.  They may have received neuroprotection 
from their relatively high openness, or their smaller range in open-mindedness 
may have reduced power to detect openness-memory relations.  Despite similar 
mean education as the NCs, our PDs were lower in mean open-mindedness, 
suggesting that the relationship of these correlates is different in PD; PDs still 
experience relatively low intellectual curiosity, etc., after having achieved high 
levels of education.  Null findings for YCs, despite substantial prevalence of 
mean open-mindedness below that threshold may be explained by the lack of 
dopamine network compromise among most healthy young adults.  Higher 
openness (up to a certain threshold) and its dopaminergic associations may be 
most helpful among populations at risk for dopaminergic dysfunction. 
Notably, among persons with PD, openness was not significantly 
associated with apathy, depression, or anxiety.  Additionally, self-rated cognitive 
function was not significantly associated with learning and memory, even though, 
consistent with prior research (Luchetti et al., 2016), performance on measures 
of it were significant or trended toward a positive association with openness. 
Therefore, it is possible that relatively enduring personality traits (from self-
ratings such as “Is complex, a deep thinker”) are more closely associated with 
preserved learning and memory in PD than more seemingly face-valid self-report 
(from self-ratings such as “felt your memory was failing” or “has difficulty learning 
new tasks or instructions”).  In other words, a self-rating of having a more 
intellectually curious personality seems to provide better prediction of objective 
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learning and memory performance than simple self-report of failures in memory, 
concentration, or adaptation to new daily demands.  
In addition to the findings that the psychosocial and cognitive patterns in 
PD did not explain openness’s relationship with memory, disease progression 
and symptomatology (including side of onset and initial symptom type) were not 
significantly associated with openness.  These observations are consistent with 
the suggestion that personality traits may be premorbid factors protective of 
function in cognitive aging, rather than simply characteristics that change as a 
consequence of cognitive decline or neurodegeneration (Terracciano & Sutin, 
2019).  Several empirical findings suggest that openness may be protective of 
learning and memory via neural circuits such as the executive control network 
(Fjell et al., 2016; Liang et al., 2011) and default mode network (Fjell et al., 2016; 
Yan et al., 2013).  The lack of executive function mediation in the present study 
suggests that openness’s relation with the default mode network and memory 
structures (Beaty, Kaufman, et al., 2016), or with inter-network coupling (Beaty et 
al., 2018), may underlie its protection of memory in PD.  This suggestion is 
consistent with findings that learning and memory in PD are associated with 
posterior atrophy and memory network pathology more so than executive 
pathology (Bruck, 2004; Miller et al., 2013; Nombela et al., 2014; Pirogovsky-
Turk et al., 2015; Tanner et al., 2015; Zheng et al., 2014).  Future investigations 
can utilize structural and functional neuroimaging, particularly of dopamine 
networks associated with openness and memory, to confirm how openness is 
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protective of memory in populations at risk of cognitive decline, especially PD.    
Limitations of this study included small sample size, and within the PD 
group a predominance of participants whose initial symptoms was tremor-onset 
(19/33; seven endorsed rigidity, one balance, three gait, and three “other.”)  A 
study of effects of symptom subtype found lower openness in individuals with PD 
with predominant postural instability/gait disturbance symptoms than with tremor 
dominant symptoms (Baig et al., 2017).  Therefore, larger samples, as well as a 
broader representation of PD symptomatology, are important for future studies.  
To confirm whether premorbid openness is a protective factor of learning 
and memory, their trajectories, and cognitive impairment and dementia in PD, a 
prospective, longitudinal design is necessary to examine openness before 
disease onset or memory changes.  Premorbid openness may very well be 
important because one study found lower openness in REM sleep behavior 
disorder (Baig et al., 2017), a condition that often presages the development of 
neurodegenerative disorders, most commonly alpha-synucleinopathies such as 
PD (Barone & Henchcliffe, 2018).  A prospective, longitudinal design would also 
better answer the question of neurocognitive or psychosocial mediators of 
openness’s association with memory, or whether intervention may improve 
openness and memory.  Some studies have found that non-
psychopharmacological intervention such as cognitive training or volunteer 
training can increase openness to experience in older adults (J. J. Jackson et al., 
2012; Mühlig-Versen et al., 2012), although another study found no effect of 
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cognitive training (Sander et al., 2017).   
In conclusion, the present study found that higher openness is strongly 
associated with better learning and memory performance in PD, identifying a 
potentially useful target for predicting and improving cognitive function in 
individuals with this disorder. 
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Table 4.1. Study 3 Sample Characteristics. 
Group YC   NC   PD   
All, Male, Female All M F All M F All M F 
n 37 19 18 26 14 12 33 17 16 






































































YC: young control; NC: normal control age-matched to PD; PD: individuals with Parkinson’s disease. SD: standard deviation. *Education 
ceiling set at 21 years. WTAR-SS = Wechsler Test of Adult Reading standard score (12 male, 11 female NCs; 15 male, 16 female PDs). 







Table 4.2. Big Five Inventory-2 (BFI-2) Open-mindedness Characteristics. 
Group YC   NC   PD   F (2, 93)* p* 
All, Male, Female All M F All M F All M F   












































































(0.9) 5.65 .005 
YC: young control; NC: normal control age-matched to PD; PD: individuals with Parkinson’s disease. SD: standard deviation. OM = BFI-2 
open-mindedness. IC = intellectual curiosity. AS = aesthetic sensitivity. CI = creative imagination. *ANOVAs compared YC, NC, and PD 





Table 4.3. Rey Auditory Verbal Learning Test (RAVLT) Performance. 
Group YC   NC   PD   F (2, 93)* p* 
All, Male, Female All M F All M F All M F   



















(9.7) 5.59 .005 








































(2.8) 4.16 .02 



















(3.0) 4.98 .009 
















(1.3) 2.22 .11 
YC: young control; NC: normal control age-matched to PD; PD: individuals with Parkinson’s disease. SD: standard deviation. *ANOVAs 






Table 4.4. BFI-2 Open-mindedness and RAVLT Correlations in PDs. 
 Age Edu SS OM IC AS CI TL LB IR DR 
Edu .09 --          
SS .15 .55** --         
OM .03 .61*** .42* --        
IC -.12 .50** .49** .85*** --       
AS .12 .41* .08 .77*** .41* --      
CI .08 .62*** .46** .85*** .67*** .46** --     
TL -.15 .25 .20 .59*** .63*** .31 .53** --    
LB -.38* .28 .40* .42* .47** .14 .45** .53** --   
IR -.25 .27 -.07 .55** .62*** .30 .44* .77*** .32 --  
DR -.14 .19 -.05 .53** .53** .34 .43* .82*** .41* .90*** -- 
RC -.22 .20 .08 .47** .47** .40* .28 .61*** .36* .68*** .71*** 
Edu = education; SS = WTAR scaled score; OM = BFI-2 open-mindedness; IC = intellectual curiosity; AS= aesthetic sensitivity; CI = 
creative imagination; TL = RAVLT total learning; LB = list B recall; IR = immediate recall; DR = delayed recall; RC = recognition. 
Sample sizes n = 33 for all correlations except n = 31 for SS correlations. 





Table 4.5. BFI-2 Open-mindedness and RAVLT Correlations in YCs. 
 Age Edu SS OM IC AS CI TL LB IR DR 
Edu .89*** --          
SS .02 .05 --         
OM .19 .21 .32 --        
IC .19 .23 .15 .81*** --       
AS .27 .25 .39* .83*** .44** --      
CI .02 .04 .23 .87*** .69*** .54** --     
TL -.03 .08 -.12 .10 .19 .06 .02 --    
LB .02 .05 -.20 -.38* -.33* -.27 -.40* -.03 --   
IR -.03 .02 -.32 -.42** -.30 -.35* -.43** .43** .42* --  
DR -.13 -.07 -.27 -.30 -.10 -.30 -.32 .65*** .19 .77*** -- 
RC -.02 .03 -.11 -.06 .12 -.14 -.09 .45** .12 .46** .53** 
Edu = education; SS = WTAR scaled score; OM = BFI-2 open-mindedness; IC = intellectual curiosity; AS= aesthetic sensitivity; TL = 
RAVLT total learning; LB = list B recall; IR = immediate recall; DR = delayed recall; RC = recognition. 
n = 37 for all correlations. 






Table 4.6. BFI-2 Open-mindedness and RAVLT Correlations in NCs. 
 Age Edu SS OM IC AS CI TL LB IR DR 
Edu .21 --          
SS .42* .55** --         
OM -.04 .01 .01 --        
IC -.07 .24 .02 .76*** --       
AS .10 -.04 .23 .74*** .37 --      
CI -.21 -.18 -.22 .64*** .31 .16 --     
TL .26 .30 .38 -.28 -.14 -.11 -.36 --    
LB -.08 .09 .52* .00 -.19 .19 .03 .38 --   
IR .12 .09 .03 -.37 -.21 -.10 -.48* .79*** .15 --  
DR .28 .22 .22 -.40* -.28 -.10 -.49* .85*** .25 .95*** -- 
RC .36 .25 .06 -.53** -.33 -.28 -.54** .62** .10 .69*** .76*** 
Edu = education; SS = WTAR scaled score; OM = BFI-2 open-mindedness; IC = intellectual curiosity; AS= aesthetic sensitivity; TL = 
RAVLT total learning; LB = list B recall; IR = immediate recall; DR = delayed recall; RC = recognition. 
Sample sizes: n = 26 for all correlations except n = 23 for SS correlations. 
















Age -.11 .03 -.49 -3.29 .003 -.17 -.04 
Premorbid IQ .11 .04 .48 3.21 .003 .04 .17 
n = 31 (2 PDs were missing WTAR standard scores for premorbid IQ). R2 = .40, F(2, 28) = 9.18, p = .001 
 
Table 4.8. Regression Model for BFI-2 Open-mindedness and Immediate Recall Outcomes in PDs. 










mindedness 2.31 .63 .55 3.64 .001 1.02 3.60 







Table 4.9. Regression Model for BFI-2 Open-mindedness and Delayed Recall Outcomes in PDs. 










mindedness 2.85 .83 .53 3.45 .002 1.16 4.54 
n = 33. R2 = .28, F(1, 31) = 11.87, p = .002 
 
Table 4.10. Regression Model for BFI-2 Open-mindedness and Recognition (Hits Minus False Positives) 
Outcomes in PDs. 










mindedness 1.43 .48 .47 2.97 .006 .45 2.41 




Figure 4.1. Study 3 Scatterplots and Regression Lines (95% CI), Rey 
Auditory Verbal Learning Test (RAVLT) and Big Five Inventory-2 (BFI-2) 






Creativity, the generation of novel ideas, is a fundamentally adaptive 
quality that has helped humans adapt to our environments and bond socially.  
Investigating its neuropsychological bases helps us understand a biologically 
essential cognitive function that reflects a high-order interplay of executive and 
memory processes (Adnan et al., 2019; Beaty et al., 2017).  Brain network 
dynamics that include the dopaminergic system (Boot et al., 2017; Takeuchi et 
al., 2010) suggest that creativity may be a challenge in Parkinson’s disease (PD), 
which causes dopaminergic depletion and corresponding changes to subcortical 
and cortical systems (Dukart et al., 2017).  Additionally, creativity is related to 
openness to experience (Beaty et al., 2018; Gocłowska et al., 2019), which is 
reported to be reduced in PD (Baig et al., 2017; Volpato et al., 2009).  It is 
important to ascertain whether creativity is maintained because it is likely to be 
adaptive.  For example, individuals with PD may benefit from practical ingenuity 
to adapt to motor and cognitive changes.  Further, artistic creativity and 
recreational therapy may serve a therapeutic purpose through helping individuals 
with PD enjoy a pleasurable activity, garner social support, and make meaning of 
their challenges with the condition.  Understanding and finding ways to enhance 
creativity may improve quality of life in PD. 
Creativity requires potential originality and effectiveness in developing 
ideas (Corazza, 2016).  One well-recognized tool to assess creativity is the 
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alternate uses task, first developed by Guilford (Guilford, 1967, 1971).  Described 
as measuring “divergent thinking” or “ideational fluency”, alternate uses tasks ask 
participants to name uses for a common object that are different from its normal 
use.  Divergent thinking shows convergent validity with tasks that show cognitive 
weaknesses in PD.  It is predicted by updating on the n-back task and inhibition 
on the Stroop task (Benedek et al., 2014), both of which are impaired in 
individuals with PD compared to healthy, age-matched controls (Altgassen et al., 
2007; Dirnberger & Jahanshahi, 2013; Kudlicka et al., 2011).  Producing familiar 
responses is predicted by category (semantic) fluency, but inventing responses 
the individual had never thought of before is predicted by letter (phonemic) 
fluency (Gilhooly et al., 2007).  Category and letter fluency rely more on temporal 
substrates and frontal substrates, respectively (Baldo et al., 2006), and both are 
impaired in PD (Kudlicka et al., 2011).  Category fluency is also one of the 
strongest predictors of cognitive decline in PD (Dirnberger & Jahanshahi, 2013).  
Therefore, the number of alternate uses responses and the number of novel 
responses in divergent thinking may reflect the integrity of temporal networks and 
frontal networks in PD, respectively.  Divergent thinking task performance shows 
ecological validity in predicting self-rated creative achievement (Jauk et al., 2013) 
and expert-rated improvisation by jazz students (Beaty et al., 2013), so it may 
correspond to real-world creative functioning in PD. 
Individuals with PD, who often experience cognitive, perceptual, and 
personality rigidity (Díaz-Santos et al., 2015) and executive dysfunction 
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(Dirnberger & Jahanshahi, 2013), may experience deficits in creativity that reflect 
the underlying dopaminergic dysfunction and neural network pathology in the 
disorder.  A study on gray matter volumes found that divergent thinking is 
associated with volumes in brain regions associated with the dopaminergic 
system; in particular, the right dorsolateral prefrontal cortex (PFC), bilateral 
striatum, substantia nigra, ventral tegmental area and periaqueductal gray 
(Takeuchi et al., 2010).  Striatal dopamine and the integrity of the dopaminergic 
nigrostriatal pathway contribute to flexibility, and PFC dopamine and the integrity 
of the mesocortical dopaminergic pathway contribute to required persistence 
necessary for creativity (Boot et al., 2017).  PD pathology has long been known 
to affect striatal dopamine, the dopaminergic nigrostriatal pathway, and PFC 
metabolism, impacting executive function (Lewis et al., 2003; Nobili et al., 2010).  
Research has even associated prefrontal hypometabolism with difficulty with 
deceptive behavior performance in PD (Abe et al., 2009; Strauss et al., 2000), 
and both having a creative disposition and being primed for creativity predict 
dishonest behavior (Gino & Ariely, 2012; Hao et al., 2020).  PD also alters the 
mesocortical dopaminergic pathway, affecting both a general executive function 
factor and verbal fluency (Picco et al., 2015). 
Additionally, in divergent thinking, the default mode network and executive 
control network (which often show an antagonistic relation) must cooperate, with 
the former generating ideas and the latter evaluating their efficacy and modifying 
them to meet task requirements (Beaty, Benedek, et al., 2016).  Therefore, as 
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with verbal memory (investigated in Study 3), creativity is a high-order function 
reflecting a dynamic default mode/executive interplay.  Resting state interactions 
between the default mode network and executive control network differ between 
PD and healthy control adults (Putcha et al., 2015), so PD may have altered 
divergent thinking.  Based on one meta-analysis, a common finding is the 
dominance of the right relative to the left hemisphere in functional activation in 
various creativity tasks (verbal, figural, abstract, analytical, context-dependent, 
and context-independent) (Mihov et al., 2010).  PD onset is initially unilateral, 
potentially impacting these hemispheric activation patterns. 
In examining creativity, some studies have found no group differences 
between individuals with PD and healthy control adults in generating alternate 
uses (Canesi et al., 2017; de Souza et al., 2010; Wilson et al., 1992).  Two 
studies found apparently contradictory group differences in divergent thinking 
based on side of onset: one study found worse verbal divergent thinking (lower 
fluency on a task to identify problems in a fantastical scenario) in PD with motor 
symptom onset on the right side of the body (RPD; relative left-hemisphere 
dysfunction) compared to a control group (Drago et al., 2009); individuals with 
left-body onset PD (LPD; relative right hemisphere dysfunction) did not differ 
from controls.  The other study found that LPDs committed more alternate-uses 
task errors than RPDs (Tomer et al., 2007).  Dopaminergic therapy can improve 
creativity in some individuals with PD as measured by artistic productivity 
(Inzelberg, 2013; Lhommée et al., 2014) and divergent thinking performance 
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(Polner et al., 2015), suggesting that dopamine replacement therapy is important 
to consider and could explain discrepant research findings. 
One factor contributing to creativity in PD may be motor activity, but it is 
unclear whether motor activity worsens or improves creative function.  Motor 
activity such as walking may simply cause fatigue or cognitive burden, 
particularly in individuals with movement disorders such as PD, leading to 
diminished creativity.  Deleterious effects of motor-cognitive dual-tasks on both 
motor and cognitive function in PD occur (Salazar et al., 2017; Yogev et al., 
2005).  The effect of dual-tasking on both motor and cognitive function has 
ecological importance, as this impact is associated with self-rated disability in 
everyday tasks, UPDRS score, Hoehn and Yahr score, and Berg Balance Scale 
score (Fuller et al., 2013).  If walking negatively impacts creativity in PD, this 
impact may also have ecological importance. 
Conversely, walking may improve creativity.  In healthy young adults, 
walking was shown to improve creativity on an alternate uses task (Oppezzo & 
Schwartz, 2014).  The study found that during and after walking (compared to 
just sitting without walking during the task, then again sitting without walking for a 
second trial), young adults produced more ideas and a higher proportion of ideas 
with “appropriate novelty” (not just novel but also specific and feasible).  The 
design was tightly controlled to rule out confounds such as practice effects and 
correlates of walking (moving through space regardless of exertion and seeing 
changes in scenery).  The authors speculated potential cognitive mechanisms: 
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that executive function cost of walking allowed creativity to “seep in,” that walking 
facilitates associative memory by relaxing suppression of memories that are not 
“within the bounds” of typical item usage, or that walking “increases the ease with 
which associative memories are activated.”  Whether this benefit of walking 
occurs in older adults and individuals with PD is unknown.   
Neurobiological findings support an acute benefit of exercise in PD.  Using 
a sample of 17 individuals with PD, one study found that (within a 4-month 
exercise intervention) a single bout of exercise changes neural functional 
connectivity patterns.  Functional connectivity immediately after the workout, a 
35-45 minute bout of resistance training interspersed with brief aerobic exercise, 
was greater within right ventromedial prefrontal cortex, left ventrolateral prefrontal 
cortex, and bilateral substantia nigra, than immediately before the workout (Kelly 
et al., 2017).  Therefore, motor activity may lead to carry-over functional 
improvements in the brain afterward for individuals with PD, including key areas 
involved in motor and cognitive pathology such as the substantia nigra and the 
prefrontal cortex. 
Behavioral findings also show acute benefits of exercise in PD.  One study 
examined cycling and unexpectedly found a dual-task benefit on cycling speed in 
individuals with PD and health controls (Altmann et al., 2015).  Individuals cycled 
for a total of 33-50 minutes, and dual-tasked for a maximum of 5 minutes per 
task, depending on their response times.  Cognitive task domains included 
processing speed, basic attention, working memory, and executive function tasks 
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but did not include fluency.  The cycling speed improvement was lower in 
magnitude than the benefit experienced by age-matched health adult controls.  
Also unexpectedly, most average cognitive performances did not decline (two 
showed improved response times in the overall sample, digit-symbol substitution 
and zero-back, but the improvements lost statistical significance after controlling 
for age).  The authors discussed potential explanations, that exercise-related 
arousal increases the amount of processing resources for a secondary, 
accompanying cognitive task, that both exercise- and cognitive-related arousal 
are associated with increases in cognitive and motor resources and efficiency, 
and both are associated with release of catecholamines such as dopamine.   
Our own pilot research on PD has found that walking during the Timed Up 
& Go test may improve letter fluency.  Specifically, initial results indicated that 
individuals with PD produced a higher number of words per second while 
performing the Timed Up & Go than while sitting, and this effect was inversely 
associated with disease severity as indexed by scores on UPDRS (Barthelemy et 
al., 2017).  If brief walking can improve letter fluency, it may improve divergent 
thinking performance because letter fluency predicts number of alternate uses 
produced (Gilhooly et al., 2007). 
Given associations between the personality factor “openness to 
experience” and creativity in healthy adults (Gocłowska et al., 2019; Jauk et al., 
2013, 2015), it may hold promise as another protective factor of creativity and 
cognition in PD.  As noted in Study 3, openness is protective of executive 
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function and of learning and memory in older adults (Aiken-Morgan et al., 2012; 
Gregory et al., 2010; Hogan et al., 2012; Nishita et al., 2016; Sharp et al., 2010; 
Williams et al., 2013).  Individuals higher in openness spend longer time in a 
brain state where the default mode network and cognitive control networks 
(executive control network, salience network, and dorsal attention network) show 
co-activation (Beaty et al., 2018).  Similar co-activation may be even stronger in 
older adults (mean age 70) than in younger adults (mean age 25), based on a 
study of divergent thinking, which the authors noted predicts openness and 
shares similar neural network substrates (Adnan et al., 2019).   
The present study examined divergent thinking in PD and the impact of 
walking on divergent thinking and on letter fluency (the latter to replicate the 
findings described above).  It considered whether the impacts of walking on 
divergent thinking differed between healthy younger adults, healthy older adults, 
and individuals with PD, and whether factors such as openness correlated with 
divergent thinking.   
The main hypothesis was that locomotion (walking) would improve both 
divergent thinking and letter fluency in PD, though we acknowledged the 
alternate possibility that the motor and cognitive burden associated with walking 
tasks may worsen divergent thinking and fluency in PD.  We expected the 
hypothesized improvement to be moderated by disease severity, such that higher 
disease severity would be associated with less improvement.  This hypothesis 
was predicated on replicating the finding that healthy young adults improve in 
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divergent thinking following walking (Oppezzo & Schwartz, 2014), with extension 
to healthy older adults. 
Additional, exploratory analyses examined the relation between potential 
deficits in category fluency and letter fluency in PD and respective deficits in 
ideational fluency (number of ideas generated) and novelty fluency (number of 
appropriately novel ideas generated).  We also examined the potential 
contributions of side of PD motor onset, levodopa equivalency dose, age, sex, 
psychosocial functioning, openness to experience, and ideational fluency and 
novelty fluency.  We expected an impact of walking on creativity in PD.  
However, based on the discrepant findings in the empirical literature, we did not 
predict disease status or characteristics to be associated with a change in 
creativity.  We expected younger age and higher openness to experience to be 
associated with a higher level of divergent thinking.  We did not expect sex 
differences but explored them to investigate a potentially relevant, biological 
variable.  Measures of psychosocial functioning were used to examine impact 




Participants included 38 individuals with idiopathic PD (21 men, 17 
women; “PD participants”), 28 normal older adult controls (14 men, 14 women; 
“NCs”), and 41 young adult controls (19 men, 22 women; “YCs”).    PDs’ self-
	
113	
identified race was White or Caucasian (34), or no response (4).  Their self-
identified ethnicity was not Hispanic (23), Caucasian (2), or no response (13).  
NCs’ self-identified race was White or Caucasian (24), Black (2), multiple races 
(1), or no response (1).  Their self-identified ethnicity was not Hispanic (16), 
Hispanic (1), or no response (11).  YCs’ self-identified race was White or 
Caucasian (19), Asian/Pacific Islander (15), Black (2), multiple races (4), or no 
response (1).  Their self-identified ethnicity was Hispanic (4), not Hispanic (28), 
or no response (9).  All procedures were approved by the Institutional Review 
Board of Boston University, and consent was obtained according to the 
Declaration of Helsinki.  PD participants were recruited through the Parkinson’s 
Disease and Movement Disorders Center at Boston University Medical Campus, 
Fox Trial Finder, and PD support groups.  NCs were recruited from the general 
community.  YCs were recruited through the Boston University SONA system for 
experimental participation credit.  Exclusion criteria for the control groups 
included self-reported history of conditions that impact cognitive function: serious 
chronic illness (including psychiatric or neurological), intracranial surgery, 
traumatic brain injury (except for minor concussions resulting in loss of conscious 
under a few minutes), use of psychoactive medications, and alcoholism or other 
drug abuse.  Exclusion criteria for the PD group were similar, except for the 
allowance of PD, history of anxiety or depression (both common in PD), and 
history of psychoactive medications to treat those conditions.  Participants denied 
history of a clinical diagnosis of mild cognitive impairment or dementia, and NCs 
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and PD participants all obtained a score of 26 or better on the modified Mini-
Mental State Examination (Stern et al., 1987), on conversion to standard MMSE 
score (standard MMSE scores are reported throughout this text).  Diagnosis of 
idiopathic PD was made by the participants’ neurologists, using U.K. Parkinson’s 
Disease Society Brain Bank clinical diagnostic criteria (Hughes et al., 1992).  
They met clinical criteria for mild to moderate disease, modified Hoehn and Yahr 
stage range of 1–3 (Goetz et al., 2004; Hoehn & Yahr, 1967). Individuals were 
with PD were in an “on” state in terms of dopaminergic medication control of 
symptoms. 
Measures 
Motor and fluency tasks 
Timed Up & Go (TUG): A walking task where the participant rises from a 
chair, walks 3m, turns, walks back, and sits down again (Podsiadlo & 
Richardson, 1991).  This task is valid as a measure of mobility and reliable in 
older adults (Podsiadlo & Richardson, 1991) and in PD (S. Morris et al., 2001).   
TUG Single-Task: In the present study, participants completed 4 trials 
(including 1 practice trial) of the TUG.   
TUG Dual-Task: Participants completed 3 trials of the TUG.  They 
performed letter fluency for one letter during each TUG trial (FAS or BHR, 
counterbalanced) (Delis et al., 2001).  The outcome was mean words per second 
(TUGwps).  During both the TUG single-task and dual-task, participants were 
asked to walk quickly but safely. 
	
115	
Participants completed D-KEFS Letter Fluency 30-35 minutes later as a 
single task while sitting, producing outcomes of total letter fluency and of LFwps, 
words per second calculated during the same duration of time as participants 
took to complete the TUG Dual-Task.  For example, if a participant completed the 
TUG Dual-Task in 10 seconds for the letter “F,” LFwps was calculated based on 
the number of words produced during the first 10 seconds of D-KEFS Letter 
Fluency for letter “B” (equivalent letter in terms of English language usage and 
neuropsychological task performance). 
Guilford Alternate Uses (GAU) task:  Alternate uses tasks ask participants 
to name uses for a common object that are different from its normal use.  The 
present study used a modification of the alternate uses tasks used by Oppezzo 
and Schwartz (Oppezzo & Schwartz, 2014) and Gilhooly and colleagues 
(Gilhooly et al., 2007).  Participants provided alternate uses for a common object 
for 2 trials, with 2 minutes per trial (brick/button or shoe/car tire) in GAU-1.  Then 
they were instructed to walk through the laboratory corridors for 2 minutes at a 
comfortable pace.  Immediately afterward, they completed GAU-2: the same task 
for the other pair of objects (counterbalanced within each participant group). GAU 
instructions were as follows:  
This task is meant to be a fun challenge. You will be asked to produce 
different, unusual uses for an object until I ask you to stop. The uses should be 
different from the normal use, and as creative as you can think of (unusual, 
uncommon, interesting, funny, innovative). For example, the common use for a 
newspaper is for reading, but it could also be used for swatting flies, to line 
drawers, to make a paper hat and so on. It is more important to come up with 
creative ideas than a lot of ideas. Any questions? The first item is a shoe. A 
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common use for a shoe is to protect feet. What are some creative uses for a 
shoe? 
 
Based on the findings from Oppezzo and Schwartz, not only did fluency 
increase when the GAU was performed while walking, but it also increased as a 
carry-over effect in a sitting condition that followed the walking condition (beyond 
the practice effects of a sitting condition that followed a sitting condition).  
Therefore, to simplify the task to be appropriate for all participants regardless of 
age or PD status, we attempted to replicate this carry-over effect instead of 
having participants multitask while walking.  Our task also differed by using two 
2-min trials for the GAU, one object per trial, instead of one 4-min trial with three 
objects in the prompt. 
The outcomes were production during the divergent thinking task.  
Ideational fluency was the number of responses produced by participants.  
Novelty fluency was the number of responses that were specific, were different 
from the common use, were feasible (could happen in real life), did not repeat 
previous answers, and were produced by fewer than 5% of the overall sample.  
The examiner recorded participants’ verbal responses to obviate the potential 
impact of PD on upper-limb function and handwriting.  Two raters blind to which 
group each participant belonged evaluated the responses.   
Self-report 
Personality was assessed with the Big Five Inventiory-2 (BFI-2): an 
assessment of personality based on empirically-derived factors (Soto & John, 
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2017).  In addition to open-mindedness (often referred to as “openness”), factors 
include extraversion, agreeableness, conscientiousness, and negative 
emotionality (often referred to as “neuroticism”).  Subfactors derived for open-
mindedness include intellectual curiosity, aesthetic sensitivity, and creative 
imagination.  Individuals higher in intellectual curiosity self-report higher interest 
in abstract or ideas or intellectual discussions.  Individuals higher in aesthetic 
sensitivity self-report higher interest or pleasure in artistic pursuits.  Individuals 
higher in creative imagination self-report higher inventiveness and idea 
generation.   
Psychosocial function was assessed using the Beck Depression 
Inventory-II (BDI-II) of depression symptoms (Beck et al., 1996); the Beck 
Anxiety Inventory (BAI) of physiological anxiety symptoms and panic (Beck & 
Steer, 1993); and in PDs, the Apathy Scale (AS), a questionnaire on symptoms 
of apathy in PD (Starkstein et al., 1992).  In PDs and NCs, we also administered 
the NIH Toolbox Quality of Life in Neurological Disorders (Neuro-QoL) Anxiety 
Short Form scale (Cella et al., 2012), a self-report measure assessing anxiety 
and worry in neurological and healthy populations.   
PD Severity 
PD severity was evaluated using the UPDRS (Fahn & Elton, 1987), a 
measure of reported non-motor symptoms, reported motor symptoms and 
difficulties with activities of daily living, clinician-observed motor symptoms, and 
reported medication complications.  A summary score of motor disability was 
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assigned using the modified Hoehn and Yahr scale (Goetz et al., 2004; Hoehn & 
Yahr, 1967), which is derived from the UPDRS. 
Other Cognitive Measures 
Fluency variables were measured with a subset of Delis-Kaplan Executive 
Function System Verbal Fluency total word scores: letter fluency (FAS) and 
category fluency (animals) (Delis et al., 2001). 
Procedure 
In the lab, all participants completed 1 hour of cognitive tasks, as well as a 
half-hour of questionnaires at home or at the start of the visit.  PD participants 
completed an additional half-hour of UPDRS evaluation at the end of the visit. 
Statistical Analysis 
We used t-tests to examine the effect of walking on ideational fluency and 
novelty fluency, as well as the TUG on letter fluency, within each group (YCs, 
NCs, and PDs).  We used ANOVAs to examine between-group differences in 
fluency.  We used correlational analyses to explore cognitive and psychosocial 
correlates of divergent thinking performance within each group to consider 
potential mechanisms or confounds that would explain the impact of walking or 
group status on divergent thinking.  We also used t-tests to examine the impact 





NCs and PDs were similar in mean age, education, and MMSE (see Table 
5.1); there were no statistically significant differences.  Male NCs were 
significantly older than female NCs, t(26) = 2.96, p = .007.  Male PDs trended for 
higher LED than female PDs, t(35) = 1.99, p = .06.  LPDs scored higher than 
RPDs on UPDRS total symptoms, t(18.8) = 2.61, p=.02 (Welch’s t-test due to 
significantly unequal variances).  The non-primary analyses included smaller 
samples where participants did not complete measures that were part of 
correlational analyses. 
Primary Analyses: Within-group Effects of Walking on Fluency 
Within-group t-tests did not find a significant difference between LFwps 
and TUGwps in any group.  Therefore, walking during the TUG did not 
significantly improve letter fluency. 
Among YCs, novelty fluency did not significantly change, but for ideational 
fluency there was a trend in the direction of decrease after walking, t(40) = 1.79, 
p = .08.  Among NCs, neither ideational fluency nor novelty fluency significantly 
changed.  Within PDs, ideational fluency did not significantly change, but there 




ANOVAs found no significant differences between groups in total 
ideational fluency (across all four trials), total novelty fluency, or TUGwps, or 
walking impact on ideational fluency, novelty fluency, or letter fluency. 
Fluency and Psychosocial Associations in Control Participants 
 Correlational analyses found that, among YCs, ideational fluency and 
novelty fluency were generally not related to letter fluency, TUGwps, or category 
fluency, except that novelty fluency correlated with category fluency, r(35) = .33, 
p = .05.  Ideational fluency and novelty fluency did not correlate with depression 
or physiological anxiety, but they correlated with BFI-2 open-mindedness, r(39) = 
.47, p = .002 and r(39) = .57, p < .001.  It should be noted, however, that unlike 
the other groups, YCs received the BFI-2 later in the assessment than the GAU, 
so reflection on their GAU performance could have influenced their self-ratings, 
which include questions on creative imagination.  Additionally, letter fluency and 
TUGwps, but not category fluency, significantly correlated with open-
mindedness, r(38) = .40, p = .01 and r(35) = .33, p = .05.   
Among NCs, ideational fluency and novelty fluency were not significantly 
related to other letter fluency, TUGwps, and category fluency.  Neither were they 
related to depression, physiological anxiety, or anxiety/worry.   
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Fluency, Psychosocial, and Symptom Associations in PDs 
Among PDs, total letter fluency significantly correlated with ideational 
fluency, r(36) = .57, p < .001, and with novelty fluency, r(36) = .57, p < .001.  
Category fluency significantly correlated with ideational fluency, r(36) = .34, p = 
.04, and novelty fluency r(36) = .35, p = .03.   
BFI-2 open-mindedness did not significantly correlate with ideational 
fluency, r(30) = .21, p = .25, but there was a trend for it to correlate with novelty 
fluency, r(30) = .34, p = .06 (the sample size was reduced to 32 for BFI-2 
analyses).  Exploratory analyses found that open-mindedness subfactors differed 
in their relations with divergent thinking.  Intellectual curiosity significantly 
correlated with novelty fluency, r(30) = .40, p = .02, and trended with ideational 
fluency, r(30) = .32, p = .08.  Creative imagination trended with novelty fluency, 
r(30) = .34, p = .06.  Aesthetic sensitivity did not correlate with ideational fluency 
or novelty fluency.  Physiological anxiety and anxiety/worry showed significant 
correlations and trends with ideational fluency that no longer held after removal 
of outliers.   
Ideational fluency and novelty fluency generally did not significantly 
correlate with disease characteristics.   
Sex Differences in Fluency within Each Group 
YC men and women generally showed non-significant differences in 
ideational fluency or novelty fluency.  However, YC women showed a 
significantly smaller novelty fluency benefit from walking, t(39) = 2.02, p = .05, as 
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well as a trend for a smaller ideational fluency benefit from walking, t(38.5) = 
1.94, p = .06 (the latter was examined with a Welch’s t-test due to significantly 
unequal variances).  NC men and women showed non-significant differences in 
ideational fluency, novelty, or the impact of walking on either.  PD results were 
similarly non-significant. 
Additional Exploratory Findings in PDs 
Study 3 found several significant associations between openness and 
learning and memory in individuals with PD.  The present study also found 
significant associations between openness and divergent thinking in individuals 
with PD.  Although PDs did not show deficits in ideational fluency or novelty 
fluency compared to NCs, this common finding for both learning and memory and 
divergent thinking, of positive associations with openness, suggested that they 
might be positively associated, and that they benefit from similar protective 
mechanisms.   
We conducted correlational analyses to examine whether ideational 
fluency or novelty showed significant correlations with learning and memory in 
individuals with PD: Rey Auditory Verbal Learning Test total learning across all 
five learning trials, distractor list performance (List B), immediate recall, delayed 
recall, and recognition.  Surprisingly, instead of correlating with all of these 
variables as openness did, ideational fluency only significantly correlated with 
distractor list learning, r(34) = .49, p = .002, as did novelty fluency, r(34) = .44, p 
= .008.   
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We also conducted linear regression to account for covariates.  Models 
including distractor list performance and covariates of age, premorbid IQ 
(standard score on the Wechsler Test of Adult Reading), and years of education 
found that only distractor list performance significantly predicted both ideational 
fluency and novelty fluency in PDs.  For the final ideational fluency model, 
distractor list performance was a significant predictor.  For every additional word 
recalled in List B, individuals produced 3.2 more alternate uses (SE = .98,   = 
.49), 95% CI [1.2, 5.2].  The model explained a significant proportion of variance 
in ideational fluency, R2 = .24, F(1, 34) = 10.76, p = .002.  For the final novelty 
fluency model, distractor list performance was again a significant predictor.  For 
every additional word recalled in List B, individuals produced 1.8 more 
appropriately novel alternate uses, (SE = .65,   = .44), 95% CI [0.5, 3.2].  The 
model explained a significant proportion of variance in novelty fluency, R2 = .19, 
F(1, 34) = 8.06, p = .008 (Figure 5.1). 
Discussion 
The present study examined the impact of motor activity (walking) on 
divergent thinking in healthy younger adults, healthy older adults, and individuals 
with idiopathic PD.  We did not replicate the findings of Oppezzo and Schwartz 
(Oppezzo & Schwartz, 2014) that walking improves idea generation (ideational 
fluency) or appropriate/unique idea generation (novelty fluency) in YCs, nor did 
we find this result in NCs or PDs.  Neither did we find that a brief walking task, 
the TUG, impacted letter fluency.  Changes to the study paradigm to make the 
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task appropriate for all participant groups may have led to the non-replication of 
the reported findings in YCs.  We focused on replicating the finding that walking 
improves divergent thinking even while sitting afterward.  Therefore, two 2-minute 
divergent thinking trials, two minutes of walking, and a second set of divergent 
thinking trials were performed consecutively, with only one object per trial.  A 
more faithful replication to ask participants to produce alternate uses for three 
objects simultaneously while sitting for 4 minutes, then while walking for 4 
minutes, may have led to more successful replication, but would likely have been 
more burdensome to the older participant groups.   
We also did not replicate our prior preliminary finding that letter fluency 
may improve with simultaneous walking during the Timed Up & Go, despite 
repeating the same procedure.  The samples used similar inclusion/exclusion 
criteria, except the sample from the preliminary findings targeted non-demented 
individuals who experienced subjective cognitive complaints.  Potentially, dual-
tasking may be a stronger indicator of cognitive health in these individuals than in 
a more general, non-demented PD sample.  Additionally, dual-task benefits tend 
to be stronger for easier cognitive tasks (Altmann et al., 2015), so replicating 
divergent thinking or letter fluency boosts may inherently be more difficult. 
Another explanation is that, perhaps our brief walking task manipulation 
for divergent thinking did not cause sufficient arousal in any participants to reach 
this peak, since many appeared to interpret “a comfortable pace” as a relatively 
slow pace.  Acute (15 min) moderate-to-high intensity treadmill walking can 
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improve distractor list learning in young adults immediately afterward (Frith et al., 
2018; Johnson et al., 2019).  In individuals with PD, cycling speed can benefit 
from a concurrent cognitive task without cognitive performance decline (Altmann 
et al., 2015).  Altmann’s Arousal and Attentional Demands model suggests that 
when increased arousal and associated catecholamine release overshoot the 
actual demands of a dual-task, the surplus arousal may benefit dual-task 
performance; she also notes that in kinesia paradoxica, individuals with PD 
overcome motor slowing in life-threatening situations (Altmann et al., 2015).  
Perhaps sometimes, under sufficiently intense motor activity, individuals with PD 
can overcome cognitive slowing as well.   
Distractor list learning shows unique improvement compared to other 
memory measures immediately after more intense acute exercise than our 
walking task (Frith et al., 2018; Johnson et al., 2019).  Divergent thinking may 
similarly improve with acute exercise based both on Oppezzo and Schwartz’s 
findings and on our exploratory finding that in PD, divergent thinking may be a 
unique predictor of distractor list learning.  In explaining their findings, Oppezzo 
and Schwartz suggested that relaxation of suppression of irrelevant material may 
be important for divergent thinking and enhanced by walking (Oppezzo & 
Schwartz, 2014).  If the exploratory associations between distractor list learning 
and divergent thinking can be replicated, this pattern would suggest a 
complementary mechanism instead: divergent thinking requires inhibition of 
proactive interference while utilizing basic attention for the present task.  
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Distractor list learning is not simply inhibiting prepotent responses, as in the 
traditional word-color Stroop, which requires visual attention and executive 
network processing of competing or conflicting external stimuli characteristics 
(Cieslik et al., 2015; Melrose et al., 2017).  Distractor list learning specifically 
requires inhibition of prepotent internal representations associated with memory 
networks (words from the primary list) as individuals use basic attention and 
selective recall.  Divergent thinking also requires flexible inhibition of internal, 
prepotent representations of the common uses of objects while engaging 
selective retrospection and prospection of object memories or characteristics.  
We speculate that intense motor activity may generally promote the general 
mechanism of inhibition or facilitation of inhibitory control of internal, prepotent 
memory-network representations, and that this mechanism shows wider variance 
in PD due to default mode network pathology.  
 Fluency task performance correlated with few psychosocial measures.  A 
notable exception in our findings was that openness (BFI-2 open-mindedness) 
showed strong correlations with ideational fluency and novelty fluency in YCs, 
and there was a trend for a correlation with novelty fluency in PDs.  In YCs, this 
pattern may have been influenced by completing the personality assessment 
later in the assessment than the divergent thinking task, but PDs completed the 
personality assessment before any of the performance tasks.  Future studies 
may explore these relations among different age groups to determine whether 
aging changes the cognitive and neural relationships between openness and 
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divergent thinking.  In PDs, ideational fluency and novelty fluency significantly 
correlated with letter fluency (in a particularly strong correlation) and category 
fluency.  These correlations suggest the roles of executive network functioning 
and, to a lesser extent, semantic network functioning in creativity in PD.   
In conclusion, this study did not identify a short-term benefit of brief 
walking on creativity after the walking task.  However, this result may have 
occurred because of the low intensity of the intervention.  Future studies that can 
safely study the acute effects of intense exercise in older adults and individuals 
with PD may find more robust effects.  These effects may help us understand 
both the physiology of motor and cognitive tasks and the pathophysiology of PD.  
Additionally, we found that openness was protective of divergent thinking in 
young adults and individuals with PD.  Future studies should examine the 
mechanisms of how openness is protective of memory (as seen in PDs in Study 
3) and divergent thinking. 
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Figure 5.1. Study 4 Scatterplots and Regression Lines (95% CI), Divergent Thinking versus Distractor List 







Summary of Findings 
Psychosocial factors may have large impacts on neurocognitive 
outcomes.  Study 1 suggested this pattern because the most optimal learning 
trajectories in a cohort of inner-city young adults did not follow an initiation-
response relation as hypothesized.  Rather than having the second-most optimal 
learning trajectories, individuals initiating marijuana use after age 16 showed the 
most optimal trajectories, followed by never users and early initiators (before age 
16), suggesting psychosocial moderation of outcomes.  Study 2 demonstrated 
that psychosocial moderation via substance use motives, as well as personality 
(particularly, openness to experience), provide plausible reasons why 
neurocognitive outcomes do not always reflect initiation timing and amount of 
consumption.  
Study 3 also examined openness, finding it to positively correlate with and 
predict learning and memory in individuals with PD.  In this sample, these 
positive associations were exclusive to individuals with PD and showed non-
significant or negative associations in the younger and older adult control groups, 
suggesting that openness specifically provides protection from or amelioration of 
dopaminergic dysfunction.  The benefits of openness on learning and memory 
were not associated with other psychosocial factors, nor were they explained by 
executive function, implying memory network mediation.  Perhaps openness can 
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aid dopaminergic modulation of memory specificity in the hippocampus (cortical 
reactivation at retrieval more closely matching that task’s activation at encoding), 
as established in experimental research with healthy adults (Abdulrahman et al., 
2017).   
Study 4 did not find a significant impact (helpful or deleterious) of walking 
on divergent thinking in any of the groups.  However, additional analyses 
suggested that a more intense motor activity than walking at a comfortable pace 
may have led to a significant motor task benefit on cognition.  Research has 
shown a significant benefit of intense treadmill walking on distractor list learning 
(Frith et al., 2018; Johnson et al., 2019), which Study 4 found predicts divergent 
thinking performance.  If sufficiently arousing motor activity leads to marshaling 
resources such as release of dopamine (Altmann et al., 2015), then dual-task 
benefit might not only show differences between individuals with PD and healthy 
adults, but it might also show differences within individuals with PD based on 
disease characteristics such as side of onset.  Additionally, if sufficiently intense 
exercise enables flexible inhibition of proactive interference, the resulting 
decrease in noise-to-signal ratio may generally support creativity through 
dedifferentiation of memory trace activation. 
The different strengths of associations between openness and the 
outcomes in Studies 2, 3, and 4, depending on the subsample, reveal the 
circumstances under which openness may be helpful.  Studies 3 and 4 both 
found openness to be positively associated with complex cognitive function 
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(learning and memory and creativity) in PD, but the nature of its associations 
varied in the younger adult and older adult control groups.  Therefore, even when 
behavioral outcomes in individuals with PD are equivalent to outcomes in 
healthy, age-matched adults without PD, the dopaminergic pathology of PD 
appears to lead to stronger statistical detection of openness’s benefits.  Study 2 
provided preliminary evidence that young adult drinkers with a potentially 
adaptive motive, pleasure, demonstrate higher mean rank learning, divergent 
thinking performance, and openness than drinkers without that motive.  If they 
experience neurotoxic risk due to drinking, openness may help them 
compensate.  On the other hand, young adults who had never consumed alcohol 
appeared to have intact learning despite low openness.  Young adults endorsing 
stress as a motive showed lower mean rank learning performance and no 
difference in openness than those not endorsing stress.  Therefore, across 
different populations, the strongest benefits of openness may be for individuals at 
risk of dopamine network dysfunction: individuals with PD, and young-adult 
substance users.  In a bidirectional relationship, openness and differentiation of 
memory traces may interact.  Openness may lead individuals to seek out 
different intellectual, emotional, or pleasurable experiences that they can 
distinguish from familiar ones.  Exposure to new stimuli may help individuals 
uncover nuance and become more receptive to new experiences, fostering 
curiosity and openness.   
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Prevention and Amelioration 
Findings in Study 1 regarding substance use and exposure add important 
nuance to the discussion of neurotoxic effects of substances.  Psychosocial 
effects may be more prominent than neurotoxic effects.  Study 2 provided 
preliminary confirmation of this observation.  The findings suggest that 
understanding both adaptive and maladaptive correlates of initiation of substance 
use is important, so that we can help youth adopt the adaptive correlates 
(regardless of whether they choose to use substances).  For example, other 
outlets for openness and sensation-seeking besides substance use (even for 
potentially adaptive motives) can cultivate the cognitive benefits of openness 
without the physical and mental health risks of substances.  If heavy use occurs, 
especially due to maladaptive motives, the underlying sources of stress are key 
to address.  Nevertheless, amelioration of negative consequences is possible.  
One review of research published between 2004 and 2015 (Broyd et al., 2016) 
reported that, after prolonged cessation from marijuana use (definitions range 
from 3-4 weeks to years), several studies found recovery of learning and memory 
or aspects thereof (Hanson & Winward, 2010; Lyons et al., 2004; Medina et al., 
2007; Tait et al., 2011; Thames et al., 2014), but some studies found no recovery 
on some or all measured parameters (Lyons et al., 2004; Medina et al., 2007; 
Winward et al., 2014).  In adult substance use populations, even large neurotoxic 
effects, such as reward network changes that follow alcohol use disorders, can 
reverse themselves with abstinence, in terms of reduction in ventricular volume 
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(Sawyer et al., 2017). 
Although Study 4 did not directly uncover a robust walking intervention for 
divergent thinking, Studies 3 and 4 demonstrated openness’s potential protection 
of learning and memory and divergent thinking in PD.  If openness is malleable, it 
would serve as a helpful target to improve cognitive function and quality of life.  It 
predicts lower risk of cognitive decline (Luchetti et al., 2016), as well as higher 
likelihood to revert from mild cognitive impairment to normal cognitive functioning 
(Sachdev et al., 2013), in older adults.  This relatively wide window of benefit 
from openness makes it even more appealing as an intervention target in older 
adults and individuals with PD.  Some studies have found that non-
psychopharmacological intervention such as cognitive training or volunteer 
training can increase openness to experience in older adults (J. J. Jackson et al., 
2012; Mühlig-Versen et al., 2012), although another study found no effect of 
cognitive training (Sander et al., 2017).  Behavioral intervention may also be 
helpful for divergent thinking.  Brief training in episodic recollection improves 
divergent thinking in both young and older adults (Madore et al., 2016), 
hypothetically through enhanced specificity of episodic reinstatement in the 
hippocampus via dopaminergic mechanisms (Abdulrahman et al., 2017).  A brief 
motivational intervention of having individuals describe how novelty can 
personally benefit them leads to higher divergent thinking task performance than 




In populations at risk for dopamine network dysregulation, psychosocial 
factors, particularly openness to experience, may have large enough effects that 
rival biological factors such as substance use or neurological conditions.  The 
lack of a linear relation between marijuana initiation timing and learning in inner-
city young adults suggested psychosocial mediators or moderators were 
possible.  Preliminary findings on alcohol use in university students showed the 
ability of psychosocial variables, particularly drinking motives and openness, to 
matter as much as onset of use or current consumption levels.  Openness also 
showed strong, positive associations with learning and memory in individuals 
with Parkinson’s disease, hypothetically as a premorbid protective factor.  
Divergent thinking in both young adults and individuals with Parkinson’s disease 
correlated with openness, but a gentle walking intervention may have had 
insufficient intensity to trigger dopamine release and improved divergent thinking.  
The magnitudes of the above psychosocial effects in populations at risk for 
dopamine network dysfunction suggest that research and clinical settings should 
routinely assess personality and develop interventions that incorporate openness 
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